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In the course of work on the action of reversible oxidation-reduction dyes upon 
tissue metabolism it was found [Dickens, 11)35, ], 2] that the negative dyestuff 
phenosafranine (E h at pH 7= —0-252 v.) oven in 10 3 M solution could inhibit 
completely the Pasteur mechanism in normal and tumour tissues. This action 
has been further studied in the present paper and has been found to extend to 
other substances showing a certain chemical relationship with phenosafranine. 

Methods. 

The experiments were made at 37*5° in the Warburg apparatus, using tissue 
slices suspended in bicarbonate- or phosphate-Ringer solution at pH 7-4 con¬ 
taining 0-2 % glucose. The duration of the experiments was usually 1 hour, unless 
otherwise stated. In these experiments it was desirable to follow the time couriJft 
of the metabolism, and for this Warburg's 2-vessel method is most suitable. For 
measurement of r.q. the method of Dickens & Simer was used. 

Phenosafranine (B.D.H.) could be dissolved directly in the solution, but 
many of the substances added are sparingly soluble in the cold and were there¬ 
fore dissolved with warming and grinding in the salt solution before adding 
iflca&^opate or glucose; even in the high dilutions used, solution of some of the 
reagents was incomplete. 

* Phenosafranine . 

Added# to slices of normal highly glycolysing tissues (brain cortex, extra- 
embryonip membranes) or tumour tissue (JRS, Walker 256 carcinoma of rat), 
phenosafranine in appropriate concentration has little effect on respiration, but 
causes ah Immediate increase of aerobic glycolysis (Table I). The optimum 
concentration is ^lose to 10~ 5 M for brain and a little higher for the other tissues. 
Above the optimupi concentration the respiration is rapidly poisoned, whilst at 
lower concentrations (10~ 6 M) there is no change from the normal metabolism. 
The r.q. of brain is riot appreciably depressed below the carbohydrate level by 
10~ 6 M phenosafranine, and chemical estimation by Clausen’s method showed 
that the acid formed is lactic acid (Exp. 3, Table 1). In some experiments a 
slight increase of respiration occurred with phenosafranine; however, the 
respiration of brain fell rather rapidly with concentrations of 5 x 10 “ 5 M or a 
little above, but not to the same extent with the other tissues in Table I. The 
aerobic glyoolysis in presence of phenosafranine rises until it becomes nearly 
equal to the anaerobic glycolysis; this is best seen with the more strongly 
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Table I. Action of phenosafranine (formula I) on tissue metabolism . 


Medium Cone. M 

Phenosafranine 



Control 

- 


Rat brain cortex 

^oa 



Vo* 


vZ' ' 

1. Phospli. 1(M 

- 8-3 






3 x 10“ B 

- 9*2 



■ - 10-6 

— 

— 

10~ B 

-11*3 






2. Bicarb. 10~ 5 

J<>-« 

- 12-8 
—10-0 

» 2o r» 

+ 1*9 

1 

|. -12*0 

+ 1-4 

— 

3. Bicarb. 2 hours: 







nr 5 ] 

- 13-2 

9-7 

r.q. 0-95 

-13*2 

f- 1*7 

R.Q. 1-03 

du pi. 1 

- 15-7 

-i 12 4 

101 

— 


— 

Chemical estimation of lactic acid: 








0-71 mg. 



(►•07 mtr. 


Manometric ditto.: 


0*77 mg. 



0-09 mg. 


4. Bicarb, in darkness: 







10-5 

-10*3 

+ 105 

— 

- 11-3 

+ 0 3 

— 

Mouse yolk-sac 

5. Bicarb. 5 x KM 

Jensen rat sarcoma 

-101 

+ 29-8 

+ 27-0 

-123 

4- 0-8 

1 32-0 

6. Bicarb. 5 x 10~ 5 

90 min. 







- 9-3 

4 35'5 


- 11-3 

+ 22-9 

- 

3 x 10 -* 

- 9-7 

-1 44-9 


-io-s 

+ 28-3 

- 

W alker 256 carcinoma 







7. Phosph. 3 x 10“ 1 

- 9*3 






1(M 

- 7*7 

_ 


• - 9-0 

— 


3 , 10 5 

- 8-4 


1 




Bicarb. 10~ 4 

— 

f 30-2 

+ 45 S 


4 24 5 

4 42-0 

* 8. JRS. Anaerobic glycolj 

ms; phenosafranine tipped in after 40 min. 



Ql' (2nd. 40 rain.) ^ ^ 

cone. JO 3 

3 > I0~» 

10 ~ 4 

Control 


«1°» 

SJ 

80% 

84 

Q* 2 (1st. 40 nun.) 


glycolysing embryonic and tumour tissues (Exps. 5 and 7). Anaerobic glycolysis 
of these tissues is little affected (Exps. 5,7 and 8) by concentrations of 3 x 10 4 J/ 
or less. 

Ashford & Dixon [1935J have shown that high concentrations of KCl in¬ 
crease respiration and aerobic glycolysis, and depress anaerobic glycolysis, of 
brain. Dickens & Greville [1935] showed that this effect was restricted to brain 
tissue. The action of phenosafranine differs from the KCl effect in several 
important respects: (1) the anaerobic glycolysis is not depressed by pheno- 
safranine; (2) the action of phenosafranine is not restricted to brain; (3) the 
respiration, though sometimes a little increased, is not affected so much as by 
KOI; (4) the*, active concentration of phenosafranine is so low and its action on 
metabolism so selective that it is difficult to conceive of its action otherwise than 
as a specific anti catalyst of certain cell enzymes; whereas the action of KCl, or of 
disturbance of salt balance [Dickons & Greville, 1935), is an action on perme¬ 
ability and dispersion of cell colloids [Dickens & Greville, 1935; Dixon, 1930; 
Dixon & Holmes, 1935]. 

Mechanism, of phenosafranine action: the effect of related compounds , 

In seeking an explanation of this action, it appeared possible that the negative 
potential of phenosafranine (E h at pH 7=0*252 v.) might be responsible. Thus 
Lipmarm | i 034J considers that negative systems favour fermentative reactions 
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and Bumm & Appel [1932] and Quastel & Wheatley [1932] have described a 
similar property of cysteine or reduced glutathione. 

Consequently other negative dyes were tested (Table II) for their effects on 
respiration and glycolysis of rat brain cortex, but benzvlviologen (H h — 0*359 v.) 
and even the chemically closely related compound neutral red (fi h — 0*34 v.) 
were without action. Hence factors other than the negative potential are needed 
for the phenosafranine action. 


Table II. Other negative dyes. 

Medium Cone. With dye Control 


Neutral red 

Vn. 

Q\': 


Q\'; 

Bicarb. ca. 111~ J 

- S-S 

-i 1-7 

- 10 0 

n-l-4 

Benzylviologen 





Bicarb. 10~ 5 

lo-» 

-13*0 
- H-0 

+ 2-5 
i 1 o 

I-,,., 

+ 11 


Phenosafranine belongs to a group of dyes which are in use in photography 
as photosensitizers and desensitizers, phenosafranine itself being a powerful 
desensitizer. The precise mechanism of this photochemical action is still obscure, 
but it was detuded to study the effects of members of this group on tissue meta¬ 
bolism. The formulae and reference numbers of the substances tested are shown 
on p. 123b, and their actions on metabolism of rat brain cortex are given in 
Table III. 


Table III. Sensitizers and desensitizers: action on metabolism 
of ratf brain cortex. 

Metabolism 


Formula 

Sens, or 

' Cone. 


v * -- \ 

Xo. 

Name of dye 

desens. 

M 


v:: s 


None added 

— 

— 

-10-3 

-r 11 (average of eontrols) 

1 

Phenosafranine 

1) 

(For 

data see 

Table 1) 

11 

7 >-J)imethylaminophenyl- 
a/omethinc-2-qumoline 
eth iodide 

1) 

]0' 5 

- 9-2 

17*o 

III 

Pinaervptol yellow 

D 

<«. 10~ a 

- 90 

+ 11-3 

IV 

Pmaeyanol 

S 

ca. 10~ 5 

- 13-8 

-ms 

V 

/)-I)imethylaminobenzyb- 
dine-qumaldine ethiodide 

S 

l(,-5 

- So 

- 1 - 1S-6 

VI 

/>- Di met 1 1 y la m i nobeuzvl i - 
dino-a-pieoline methiodide 

s 

lo- 4 

- 7-0 

-r«J2 0 (toxie) 

VI [ 

Ethyl red 

s 

10-5 

-120 

• 20 0 

VIII 

p- Diinethylaininobenzyli- 
(line- /3-napthoq uinn Idme 
ethiodide 

Derivatives of fluorescein: 

s 

10 -5 

- 9 2 

i 171 


Erythrosin B. 

s 

It)- 4 

10~ 5 

- S-2 

- S-2 

+ :w 
+ 0(» 


Eosin 

»s 

10~ 4 

- 8-1 

f 0 -8 


It is evident from this tabic that representatives of both groups, sensitizers 
and desensitizers alike, may act in the same way as phenosafranine. Some of 
those tested quickly poisoned the respiration even in low concentration and 

70- 2 
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were therefore discarded; others had hardly any action on respiration and in a 
few cases a slight increase was observed. 

With all the active dyes however the aerobic glycolysis rose almost im¬ 
mediately on adding the dyes to a value approximately equal to that found in 
nitrogen. 

The concentrations needed are very low, usually 10~ 5 M as with pheno- 
safraninc. In higher concentration the dyes were found to be markedly poisonous, 
whilst in lower concentration (10 6 M) they were usually inactive. 


Descusttizem. 



p-lhmHhvlaminophenylazomrthinc- 

Phenosafraiiini* 2-quinoline etliiodidc Pinacrvptol yellow 

I. IT. 111. 


Snisitizeis. 



y>'l>jnu»thylannnol>enzylidine- p Dimothylaminobenzyli- 
PinaryannJ quinaldino ethiodide dine-x-pifolim* mcthiodide 


IV. V. VI. 



C 2 H 6 T 

/j-Dimethylammobenzylidine-/?- 
Ethyl red naptboquinaldine eth iodide 


VII. VIII. 

Htlali d com pou nds. 



CH a Cl CH 3 Cl C 2 H 5 I 

Benzylidinequinaldine 

Quinanil (Cohen) Acriflavine etliiodide 

X. IX. XI. 


Since both photosensitizers and desensitizers act similarly, it seems unlikely 
that the metabolic effect is connected with the photoactivity of the dyes, but 
more* probably with a definite type of chemical constitution. This view is sup¬ 
ported by ihe following facts: (a) the action of plienosafranino proceeds in as 
nearly complete darkness as is possible for manometric readings with the usual 
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apparatus (Table I, Exp. 4); (b) eosin and erythrosin (also photosensitizers, but 
of completely different chemical constitution) have little or no effect on meta¬ 
bolism (Table III, Exps. 9 & 10); (c) chemically related compounds, some of 
which are not known to be sensitizers or desensitizers, act similarly to those 
already described (see Table IV). 


Table IV. Various related compounds: action on rat brain cortex . 


For¬ 



Metabolism Control 

mula 


Cone. 

r - A - t -' 

■-- 

No. Substance added 

Medium 

M 


q :: a 




Group 1 


IX. Acriflavine 

Phosph. 

]0~ 4 

- 7*5 falling - 12*3 




JO* 

-110 



Bicarb. 

10* 0 

-- UK> + lb*.j — 91 

4 4*2 

X. Quinanil 

Bicarb. 

JO* 

-11 2 -t* 13*0 (1st hour) - 9-8 

-2*0 

(p-I)imethylamino- 



8-9 4-13*2 (2nd hour) -10-tt 

'i* 0’8 

phenylazomel hine- 

Pliosph. 

lo- fi 

- 11 o (1st hour) 


2-<]iiinoline met ho- 



- 9 o (2nd hour) 



chloride) 


Be nzy lid ineq u ina 1- Bicarb. 

10“ 5 

- 6*6 

4 17*6 + -120 

-1*9 Q 

dine ethiodide 

l0-« 

-12*0 

- 3-8 -13*0 

+ 07 

/?-1 hethvlamino- Bicarb. 

(imup 11. 
lU-‘ - 7-4 

-4 2*7 - 7*8 

-i 1*9 

ethyl-J-aminoaeri- 
dine hydrochloride 
((Memo & Hook. 1936] 
Quinoline methiodide Bicarb. 

10-* 

lo*.*> 

-t- 3 o -13*0 

t2*0 

Quinaldine ethiodide Bicarb. 

10-* 

- 12*o 

l 7 



11 )*2 


It is possible from the data presented in Tables I-IV to draw some pro¬ 
visional inferences as to the general chemical constitution needed in substances 
of this group in order that they may specifically inhibit the Pasteur mechanism. 
All such substances are derivatives of a N-containing ring which may he phena- 
zine (as in phenosafranine), quinoline or pyriclino (as in the substances in 
Tables III and IV), or acridine (as in acriflavine, Table IV). In all the active 
derivatives of these parent substances described, one cyclic nitrogen is quater¬ 
nary (phenochloride in phenosafranine. alkohalide in the other compounds). 
This combination alone is insufficient however, for quinoline methiodide and 
quinaldine ethiodide havo hardly any action (Table IV) whilst phenazine meth- 
iodide and NX 7 -dimethyldihydrophenazine [Dickens, 193b] have a powerful 
catalytic type of action, instead of behaving as inhibitors or anticatalysts of the 
Pasteur mechanism. The introduction of the basic amino groups as in pheno¬ 
safranine causes a complete alteration of properties of the X -substituted phena¬ 
zine; the converse effect is seen in the presence of the acidic hydroxyl group in 
pyocyanine, which like phenazine methiodido depresses glycolysis. Similarly 
in phenosafranine loss of amino-groups or replacement by hydroxyl results in loss 
of desensitizing properties. The presence of the amino- (or substituted amino-) 
group may not be indispensable, however, in all cases; for benzylidenequinaldine 
ethiodide (Table IV) has a somewhat similar action to the other inhibitors, but 
this effect is here complicated by a rather strong poisoning effect on respiration. 
All active compounds contain a fairly long conjugated chain which, except in 
benzylidinequinaldine ethiodide and in pinacryptol yellow (Ill) which has a 
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m-nitro-group, terminates in the amino-group. In this chain, as in the position 
to the cyclic N atom, = CH — may be replaced by a nitrogen atom (e.g. com¬ 
pounds II and V). 

Reduction of phenazine methiodide and of a derivative of quinoline 

eth iodide. 

Phenazine methiodide (8*01 mg.) was ground with 4-0 ml. X/20 HC1 until it. was mostly dissolved 
and 1-5 ml. of the greenish yellow suspension were then transferred to a conical Warburg manometer 
vessel containing in 2 side bulbs 8 mg. Pt black in 0*5 ml. water. The vessel was filled with hydro¬ 
gen and shaken nearly to absorption equilibrium in a bath at .‘17*5°. On tipping in the Pt, H 2 was 
taken up and the absorption was: 60 min. 160 /*1.; 120 min. 190 pi.; 180 min. 206 pi., when it 
became exceedingly slow. Calculated for 1 mol. H 2 per mol. phenazine methiodide 208*5 pi. The 
solution became a very pale greenish colour and on standing in the air turned orange (rf. the 
oxidation of W-methyJdihydrophonazine [Dickens, 1936] to a red aposafranone). 

p-t)imethylaminophenylazomcthtnc-2-quinolint ethiodide (II). 2-53 lug., dissolved with warming 
in 1*0 ml. water, were placed in the side bulbs of a Warburg manometer filled with 11 2 . The main 
part contained 10 mg. Pt black in 2 ml. water. BL, uptake: 30 min. 186 /xl. (colourless or very pale 
yellow): 200 min. 261 pi.; 240 min. 262 pi. (both exps. wore corrected for a slow residual II 2 
absorption by Pt). Calc, for 2H a per mol. dye -261 pi. H 2 . 

This exp. shows that the uptake of 1 mol. H 2 is accompanied by decoloration of the dye: 
this stage is reversible, shaking with air rcoxidized the dye to give the original \ inlet colour. 
With the entry of the second TL> the colour is not restored by shaking with air. 

The substances described in this paper therefore behave on mild reduction like the methiodide 
of nicotinic acid amide [Karrer & Warburg, 1936] and the ooenzynies of dehydrogenation and 
fermentation. 


Relationship of the inhibitors to cell catalysts. 

As already pointed out, it is probable that these substances depend for their 
action on specific poisoning (or anticatalysis) of certain cell enzymes. Warburg 
[1926] has given a similar explanation of the inhibition of the Pasteur reaction 
by ethyl /socy ankle, which has a special affinity to certain heavy metal catalysts 
in “model” experiments. 

The substances described in the present paper resemble ethyl isocy ankle in 
their effects on cell metabolism, but have an even higher affinity for the enzymos 
concerned in the Pasteur reaction, as is shown by their 100-fold lower active 
concentration. Whilst the nature of these enzymes remains unknown it is clear 
that the discussion of mechanism of their poisoning cannot be carried far: at 
the same time the use of specific inhibitors has often in the past provided a 
means of analysis of complicated enzyme actions. It is proposed to study the 
effects on various isolated enzyme systems of members of this group of Hub- 
stances with this end in view. 

Until quite recently it was not known that substances of general chemical 
character resembling in any way that already described for the inhibitors were 
concerned in cell-catalysis. Warburg et al. [1936] have however shown that both 
the hydrogen-transporting coenzyme and the fermentation coenzyme contain 
as an integral part of the molecule nicotinic acid amide, and in a very recent 
paper [Warburg & Christian, 1936] it has been shown that the methiodide of the 
latter compound on reduction yields a substance of identical spectroscopic and 
reducing properties with the reduced active group of these coenzymes. 

The chemical similarity of the substances described in this paper (e.g. the 
A T -mothylpvridine ring, with conjugated chain, of the substance VI) with 
Warburg's compound suggests that substances of this type may perhaps have a 
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special affinity for enzymes, possibly those participating in the Pasteur mech¬ 
anism. In the case of Warburg's coenzymes, an activation of the enzymes 
results from this combination: may it not be that with these inhibitors the same 
affinities cause the displacement of the active coenzyme by an inert antioatalyst, 
with consequent inactivation of the enzyme? Possibly the substances acting 
in an opposite direction (pyoeyanine, phenazine methiodide, dimethyldihydro- 
phenazine) may form similar, but active, complexes with the enzyme. Whether 
this is in fact the actual mechanism or not remain* to be proved, but some such 
type of action is suggested by the specificity and the low* active concentration of 
these substances. 

Weil-Malherbe [1935], working in this laboratory, has found that simple 
dibasic acids (glutamic and maleic acids) strongly influence the Pasteur mech¬ 
anism in certain tissues. It is probable that this is also primarily an inter¬ 
action with tissue enzymes; its mechanism is being further examined. 

Action of a sarcoma-producing quinoline derivative on metabolism. 

Browning el al. [1933; 1936| have described the production of sarcoma in 
mice following a single injection of an aqueous solution of 2 (p-aminostyrvl)-O- 
(p-acetamidobenzamido)quinolino mcthoacetate; i.e. of a compound closely 
related in chemical constitution to the 2-styrylquinoline derivatives found to 
inhibit the Pasteur mechanism as described above. 

This resemblance caused us to study the effect of Browning's compound 
(“styryl 430") on tissue metabolism: the results are shown in Table V. The 
substance is freely soluble in water, but addition of salts to form Ringer solution 
caused precipitation of all but a small fraction: the freshly prepared semi- 
colloidal suspension thus provided w T as used for manometric experiments : a slow 
absorption by the tissue occurred as shown by the colour. 

The most marked effect was observed with rat brain cortex. Corresponding 
with the slow' absorption, the effect on metabolism is a gradual one, except 
anaerobically, when the anaerobic glycolysis is increased from the start. Tt 
is known that permeability is in some cases increased by anaerobic conditions 
[see Dickens & (Jreville, 1935). In this tissue the respiration rose slowly (Table V), 
while the aerobic glycolysis similarly increased until it became about equal to 
the enhanced anaerobic glycolysis caused by the dye. This effect w r as shown by 
7 x 10~ 5 M suspension, but was insignificant with a further 10-fold dilution, at 
least in a 4-hour experiment. 

Guinea-pig brain cortex showed only the increased respiration, and this soon 
fell off when the same concentration as is active in rat brain was used. The reason 
for this difference is unknown. With the highly glycolysing growing tissues 
mouse yolk-sac and Jenson sarcoma of rat, the anaerobic glycolysis was increased 
at first in the former hut not in the latter: increase of respiration was not 
observed and of aerobic glycolysis was very slight compared with rat brain. 

Although we are unable to account for these differences, the effect with rat 
brain shows that under favourable conditions styryl 430 has a powerful effect in 
increasing respiration and glycolysis which resembles tiiat of the other quater¬ 
nary salts of 2-quinoline derivatives already described, together with some 
additional activities peculiar to itself and perhaps associated with the physical 
properties of this coiqpound of high molecular weight. Whilst the effect on 
respiration is similar to the lyotropic action of K, Cs and Rb | Dickens & Grevillo, 
1935] except that it is more slowly produced, the anaerobic glycolysis is much in¬ 
creased with the styryl compound whereas with KC1 it falls. Brilliant cresyl bluo 
[Dickens, 1936] caused a similar increase of which however occurrod in both 
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Table V. Action of “styryl 430 ” (Browning). 


Concentration 7 x 10“ 6 M as suspension, unless otherwise stated. 
Bicarbonate-glucose-Ringer solution pH 7*4. 37*5°. 



Hours 

of 


With dye 

A 



Control 



r* 





$,;* 

Tissue 

Exp. 

$02 

$!:* 

$£’ 

$02 

$2* 

Rat brain cortex 

1 

-121 

4- 3-2 

4-31*2 

-11-9 

+ 1*6 

+ 12*7 


2 

-14-5 

+ 61 

4 27*8 

-12*3 

4- 0*0 

+ 13*2 


3 

-20-4 

+ 15-2 

+ 24*6 

-13*7 

4- 0*5 

4 11-5 


4 

-230 

+ 24-7 

•4-24*0 

-13*7 

4- 0*9 

+12*5 

(Four other exps. gave similar result with 7 x 10~ 6 M suspension.) 


(Same exp.: cone. 7 x 10“* M : - 

1 Ql' 

(1) -13-6 (2) 
+ 2-6 

-13*5 (3) 
+ 1-6 

-14*7 
4- 2 *1 

(4) -14*2 
-f 2*6) 


Guinea-pig brain cortex 

1 

-17*3 

+ 2-7 

+ 17*6 

-10*4 

4- 2*5 

4-17*0 

2 

-110 

+ 41 

+ 14-9 

- 9*1 

4- 4-2 

4-13-1 


3 

- 4-2 

4- 2-5 

+ 16-5 

- 8*3 

+ 3*6 

4-13*7 

(Another exp. gave similar result, Qf!* increasing from +2-6 to +2*8 only, after 5 

hours* exp. 

Mouse yolk-sac 

1 

-16-2 

+ 5*5 

+ 33*0 

-18-5 

4- 6-6 

4-25-4 

2 

-13*4 

+ 7-7 

+ 26*0 

-16-5 

4- 7-2 

4-23*4 


3 

- 9-8 

+ 10*3 

+ 21*6 

-14-9 

4- 8*6 

+ 24*0 


(Another exp. gave similar result.) 




Jensen rat sarcoma 

1 

-10-5 

+ 24*0 

+ 30-4 

-10*5 

+ 22*4 

-t-30-4 


2 

-lft-9 

+ 23*2 

4-29*0 

- 9*6 

4 20-0 

+ 32*0 


3 

-11-5 

+25*5 

4-33-6 

-10-8 

4-23*6 

4*34-0 


4 

- 8-7 

+ 26*5 

4-31*8 

- 8*5 

4-22*0 

+ 36*0 


rat and guinea-pig brain: 2:4-dinitrophenol [Dodds & Greville, 1934] increases 
respiration and glycolysis of tumour tissues, but in this material styryl 430 has 
little effect. Although alterations of permeability might be advanced to explain 
these phenomena, such an explanation is too vague to explain the different 
behaviours of anaerobic glycolysis towards KC1 and styryl 430, for example, as 
well as the species differences reported above: the lack of sufficient data on 
permeability enables almost any problem of cell metabolism to receive a theo¬ 
retical interpretation based on assumed alterations of permeability. The in¬ 
genious theories of Dixon [1936] appear to us to suffer from such a disadvantage. 

In styryl 430 sarcoma production is seen to be associated with a special 
action on metabolism, whereby in favourable cases the anaerobic glycolysis of 
a “resting” tissue may be made to rise to the level found in rapidly growing 
embryonic and tumour tissues. The aerobic glycolysis increases more slowly, so 
that at one stage (e.g. 3rd hour, 1st Exp., Table V) the metabolism passes 
through a stage where it appears the same as for many tumours. 

Unlike other cancer-producing agents which have been shown to have a 
direct influence on metabolism (arsenic, cyanide) styryl 430 induces experi¬ 
mental cancer readily in a high percentage of the animals used [Browning et al. 9 
1933; 1936], and at the same time it has the advantage over the carcinogenic 
hydrocarbons of being sufficiently soluble for metabolic effects to be produced 
in vitro . The rapidity of action on metabolism (at least with brain tissue) sug¬ 
gests a primary direct influence of the substance itself or of its reduced form 
rather than of some product formed from it by a slow reaction within the 
tissues. It is therefore peculiarly fitted for the study of the metabolic changes 
associated with induction of neoplastic growth. 
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The precipitation of styryl 430 by tissue fluids has been shown by Browning 
et al. [1936] to lead to the formation of a depot containing the dye at the site of 
injection, which remains for several months; this may determine the property 
of tumour induction following a single injection, which is seen with this substance. 
The other substances described in this paper are more soluble under these 
conditions, and as yet have not led to the production of malignant growths 
following a single injection. These animal experiments are being continued and 
extended. 

Summary. 

The negative dyestuff phenosafranine inhibits the Pasteur mechanism in 
animal tissues, the active concentration being in the region of 10~ 6 M. The 
negative potential is not alone sufficient to account for this action, since other 
negative dyes did not act similarly on metabolism. On the other hand a group 
of derivatives of pyridine, acridine and quinoline, containing pentavalent 
nitrogen and a conjugated chain terminating usually in a basic grouping, had 
essentially the same action on metabolism as phenosafranine, though some 
members were more poisonous. 

The activity of this group is ascribed to an anticatalytio action on certain 
cell enzymes. Their general chemical similarity to the Warburg pyridine-bodv, 
the active group of the H-transporting and fermentation cocnzymes, suggests 
that they may displace the coenzymes by preferential adsorption on the colloidal 
carrier, forming an inactive complex; but this remains to be proved. 

The sarcoma-producing “styryl 430 v of Browning, in concentration similar 
to phenosafranine increases respiration, aerobic and anaerobic glycolysis of rat 
brain very strongly; its effect on other tissues was less marked. These obser¬ 
vations, and their possible relationship to experimental carcinogenesis, are 
briefly discussed. 

To the following who have given valuable material and much helpful advice 
I would like to express my thanks: Prof. G. R. Clemo and Dr R. Raper (Univer¬ 
sity of Durham), Dr Frances M. Hamer (Kodak Research Laboratories). I am 
specially indebted to Prof. 0. H. Browning (Glasgow University) for kindly 
supplying a tested sample of purified styryl 430. 
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Recent fluorescence studies [Peacock, 1936], in which fluorescent samples of 
bile were obtained after intravenous injection of colloidal solutions of certain 
polycyclic aromatic hydrocarbons (1:2-benzpyrene, methylcholanthrene and 
anthracene) into fowls, rabbits, guinea-pigs and mice, raised the question of the 
presence of these compounds in such samples of bile and in the rest of the animal. 

Extraction of l:2:5:6-dibenzanthracene had already been considered. In 
a previous communication [Chalmers, 1934] the quantity of dibenzanthracene in 
the breast muscles of fowls, at short intervals after local injection of the hydro¬ 
carbon dissolved in chicken fat or in egg-yolk fat, was determined spectro- 
graphically by absorption analysis of extracts in a fat solvent, and it was found 
that this hydrocarbon rapidly disappeared from the site of injection. Con¬ 
sideration of the possible excretion of unchanged 1:2:5:6-dibenzanthracene was 
deferred, as the extracts of excreta were unsuitable for absorption spectrography, 
owing to the presence of substances showing a general absorption in the ultra¬ 
violet. Although the methods of extraction were improved, the extracts were 
still unsuitable for absorption spectrum analysis. The contaminants however did 
not significantly mask the fluorescence spectrum of 1:2:5:6-dibenzanthracene, 
and subsequent analysis failed to reveal the presence of this substance in extracts 
of excreta. The fluorescence spectrum of 1:2:5:6-dibonzanthracene has already 
been described [Hieger, 1930]. Fluorescence methods were also used by Beren- 
blum & Kendal [1936], who reported that no l:2:J:6-di benzanthracene could be 
detected in the excreta of mice injected intraperitoneally with the compound 
dissolved in lard or in colloidal solution. Lorenz & Shear 11936) have described 
a method of separating l:2:5:6-dibenzanthracene from spectroscopically inter¬ 
fering substances in mouse extracts by the selective action of solvents on the 
unsaponifiable fraction. The colouring matter was then removed by chilling and 
absorption on A1 2 0 3 . In the preparation of l:2:5:6-dibenzanthracene extracts 
for spectrography, as earned out by Berenblum & Kendal [1936], mice were 
killed and boiled under reflux condensers with alcoholic potash and subsequently 
extracted with benzene. The fluorescence of the benzene solution was then 
examined. In the extraction of l :2:5:6-dibenzanthracene from excreta and from 
chick embryos, as will be seen, the ethes extract after saponification with alcoholic 
potash required further treatment before fluorescenco analysis was practicable. 
This further treatment involved the elimination of colouring matter by ad¬ 
sorption from a light petroleum solution of the material left after saponification 
and the removal of cholesterol. This method was applied to the other hydro¬ 
carbons under examination. 

The evidence of chemical change of dibenzanthracene, after intramuscular 
injection, rendered it important to determine whether other polycyclic aromatic 
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hydrocarbons (carcinogens and non-carcinogens) were altered in a similar way. 
At the same time, it was hoped to get an indication of the effect of the solvent 
on the rate of chemical change. Experiments on the production of sarcoma in 
fowls indicate that the solvent plays an important part in the induction of 
tumour growth [Peacock, 1935]. The results of these experiments hitherto may 
be summarized, as follows: 

1:2:5:6-Dibcnzanthracene in lard gave 16 tumours in 31 birds, in 1-4 years 
1:2:5:6-Dibenzanthracene in egg-yolk fat gave 3 tumours in 12 birds, in 1 year 
1:2:5:6-Dibenzanthracene in egg-yolk fat gave 0 tumours in 10 birds, in 1-3 years 
1:2:5:6-I)ibenzanthracene in chicken fat gave 0 tumours in 12 birds, in 2 years 

Somewhat similar results were obtained by Watson |1935|, who found that 
pinene tar, mixed with paraffin wax, produced sarcoma in 3 out of 12 rats, whilst 
the same tar, mixed with rat tissue extract, failed to produce tumours in a 
similar group of animals. 

Methods of extraction. 

Initial treatment. In early experiments, the following methods for extraction 
of fats, were tried: (1) treatment with acetone (a better solvent for 1:2:5:6- 
dibenzanthracene than alcohol) and (2) desiccation, followed by extraction with 
a fat solvent. In later experiments, however, treatment with strong caustic 
potash, as recommended by Berenblum & Kendal [1936], was adopted. This 
resulted in a considerable saving of time, as it provided an admirable preparation 
for the second stage. 

Saponification. Care was taken to use specially purified reagents for this pro¬ 
cess and to reduce the safxmification time to a minimum, as, otherwise, the action 
of heat on the alcoholic potash solution gave rise to the formation of resinous 
material which showed a blue fluorescence. The alcohol was purified by treat¬ 
ment with silver nitrate [Palmer, 1922]. After the initial treatment, as above, 
the extract only required dilution to 25-30% caustic jH>tash and the addition 
of alcohol to bo ready for saponification. The unsaponitiable material was 
extracted with ether in the usual way, one saponification usually being sufficient 
though, on occasion, a second treatment was required. 

Precipitation with digitonin. The unsaponitiable fraction, which w r as obtained 
as a yellow solid, was dissolved in 95% alcohol and an excess of digitonin (1 % 
in 90% alcohol) was added at the boiling-point. A good separation of the 
cholesterol was obtained by allowing the digitonide to precipitate out overnight, 
but satisfactory and quicker results were obtained by making use of the in¬ 
solubility of the digitonide in water and acetone [Yasuda, 1931]. The ether 
extract of the diluted acetone solution was well washed with w r ater to remove 
the excess of digitonin. Cholesterol was not removed except in the experiments 
with l:2:5:6-dibenzanthracene embryos and excreta. The appreciable amount 
of cholesterol present in the chick embryos interfered with the examination of 
a final extract of less than 5 ml. 

Treatment with adsorbents. Preliminary experiments were carried out with 
the pigment of egg-yolk fat. A certain amount of the colouring matter was 
eliminated along with the fat during the*extraction of the unsaponifiable fraction. 
It was found that light petroleum was more effective than ether, alcohol, benzene 
or chloroform as a solvent from which to adsorb egg-yolk pigment. A number 
of adsorbents were tried: some adsorbed the hydrocarbon itself and w ? ere 
consequently valueless ; of the others, fuller’s earth was the most generally useful. 
A single treatment with fuller’s earth, as a rule, removed most of the pigments 
from chick embryos and from excreta. 
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Excreta experiments. 

1:2:5:6-Dibenzanthraccne and l:2-benzpyrene. Two fowls were injected intra¬ 
muscularly with 1:2:5:6-dibenzanthracene (4 ml. of 0*2% solution in chicken 
fat), and two with 1:2-benzpyrene (1 ml. and 4 ml. of 0*2% solution in chicken 
fat), and the excreta were collected separately, over 2 weeks. According to 
previous work, if these compounds were eliminated unchanged, they should be 
detectable in the excreta during this period. The initial treatment in each case 
consisted of repeated extraction with acetone. 0*2 mg. of the corresponding 
hydrocarbon was added to one-half of the acetone extract, in each case, and 
thereafter the two fractions were treated alike. The residue, after evaporation 
of the acetone, was extracted by the method described above. The final extracts 
of excreta showed a slight blue fluorescence in the ultraviolet beam, but 
spectrographic examination failed to show the fluorescence bands of the appro¬ 
priate hydrocarbon. Bands wero however seen in the extracts to which the 
compound had been added as described. 

Chick embryo experiments. 

Intramuscular injection of l:2:5:6-dibenzanthracene and l:2-benzpyrene. Diffi¬ 
culties in the extraction of excreta from individual animals are obviated by the 
use of chick embryos, which may be regarded as a “closed'' system. It was 
found best to open a window in the shell and membranes the day before injecting 
the embryo, rather than to attempt the whole procedure at one operation. In 
this way, it was possible to be sure that the embryo had survived the inevitable 
damage to the amniotic vessels and consequent slight haemorrhage. 15-18-day- 
old embryos were injected intramuscularly with 01 ml. of fatty or colloidal 
solution of the hydrocarbon under test, and the embryos were subsequently 
killed and extracted at short intervals. For purposes of this experiment, the 
chicks were not allowed to hatch out. It may be mentioned, however, that some 
chicks injected in ovo have been allowed to hatch out, and these showed no 
obvious abnormality. 

1:2:5:6-I)ibenzanthracene. The results of these injections were unsatisfactory, 
since the small quantity of the compound which could be injected into the embryo 
(0*1 ml. of 0*2 % solution in fat) did not give a sufficiently luminous fluorescence 
spectrum to permit of comparative tests of much accuracy, but it was found that 
the substance was altered within the embryo a few days after intramuscular 
injection. 

1:2-Benzpyrene. The extracts of embryos injected with this substance gave 
a much brighter fluorescence than that obtained in corresponding experiments 
with l:2:5:6-dibenzanthraceno. The results of injections of 1:2-benzpyrene dis¬ 
solved in egg-yolk fat are shown in PI. II, fig. 1, from which it will be seen that 
most of the hydrocarbon was eliminated 90 hours after injection. 

Intravenous injections of colloidal hydrocarbons. 

Methods of preparing colloidal solutions of hydrocarbons have been recorded 
[Berenblum, 1932; Boyland, 1932; Boyland & Burrows, 1935], The colloids used 
in the present experiments were prepared by precipitation of the hydrocarbon 
from solution in acetone, which was then removed by dialysis. 

Technique of intravenous injection of embryo. 14-18-day-old embryos were 
selected for injection, since they are sufficiently large to be handled without 
receiving gross damage and yet are mobile within the shell. The egg was trans¬ 
ferred from the incubator to a sterile dissecting chamber, without turning. The 
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surface of the shell was swabbed with spirit-flavine (acriflavine, 1 part; water, 
1000 parts; methylated spirit, 2000 parts), which dries rapidly. A window about 
1 cm. square was cut in the shell with a sterile ampoule saw mounted in a handle, 
and the shell membrane was cut away with small sterile scissors, leaving the 
amniotic membrane exposed. Intravenous injection was sometimes made into 
an amniotic blood vessel, but, as a rule, the amniotic membrane was ruptured 
and the injection was made into the vitelline vein which is easily picked up as it 
lies on the yolk sac. The latter can be handled with small forceps, if necessary, 
to bring the vein into position for injection. No. 20 conjunctival needles were 
used for the injections and, although there was alw r ays a little haemorrhage, this 
was rarely severe. It was found advisable to wait for a few seconds after com¬ 
pleting the injection before withdrawing the needle, to avoid possible loss of 
colloid. The window was then closed with sterile cellophane fixed to the shell 
with paraffin wax; this gave a free view of the embryo, which could thereafter 
be observed at frequent intervals without disturbance. 

Elimination of l:2-benz pyrene colloid after intravenous injection. The results 
of this experiment are illustrated in PI. 11, fig. 2, the explanation of which is 
given below in tabular form: 


Time after 

('olloid 

Volume 

injected 

Concentration 

Remarks on 
fluorescence 

injection 

o 

ml. 

of extract 

spectrum 

0 

003 

0-1 

1-0 

... 

17 hours 

003 

0 1 

1-0 

No bands seen 

0 

— 

— 

0*023 (standard) 

— 

30 min. 

0-003 

0-3 

10 

- 

20 min. 

0-003 

0-3 

1-0 

— 

0 

- 

- 

0-1 (standard) 

— 

6 hours 

0-03 

0-3 

10 

Intensity of bands 

3 hours 30 min. 

0-03 

0-3 

1-0 

greatly reduced 

1 hour 30 min. 

0-03 

0-3 

1-0 

— 

1 hour 

0-03 

0*3 

1-0 

— 

4-0 min. 

0 03 

0-3 

1-0 

— 

0 

0-03 

0-3 

1-0 (standard) 

— 


Chick embryos killed shortly after intravenous injections of 0*3 ml. of 0*03 % 
l:2-benzpyrene colloid showed highly fluorescent body fat when examined in the 
ultraviolet beam, this fluorescence being due to the dissolved 1:2-benzpyrene, as 
proved spectrographically. 

It was noticed that the gall bladder of embryonic chicks showed no fluor¬ 
escence similar to that shown by adult fowls and mammals. This appears to 
be due to the passive role of the embryonic gall bladder which, though filled 
with bile, does not seem to contract in ovo. This point is of some interest, and the 
view expressed is borne out by the following experiments in 1-3-day-old chicks. 

Chick experiment's. Incubator-hatched chicks are normally kept in the in¬ 
cubator for 2 or 3 days after hatching, during which time they have no access to 
food and are still nourished by their egg-yolk sacs which have retracted into the 
peritoneal cavity. Such chicks behave like embryonic chicks in that their bile is 
not rendered fluorescent by intravenous injection of l:2-benzpyrene colloid. 
On the other hand, hen-hatched chicks, which had access to food, were found to 
behave like adult fowls in that their bilo was rapidly rendered fluorescent by 
intravenous injection of the colloid. The passage of food from the gizzard to the 
duodenum apparently initiates the contraction of the gall bladder, which refills 
with fluorescent hepatic bile. 
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Mouse experiments. 

To tost the mechanism of hydrocarbon elimination on mammals comparable 
in weight with chicks, mice were injected in the tail vein with colloidal solutions 
of l:2:5:6-dibenzantliracene, 1:2-benzpyrene, methylcholanthrene and anthra¬ 
cene. All except l:2:5:6-dibenzanthracene mice showed the presence of a 
fluorescent substance in the bile 1-2 hours after injection. In making extracts 
of whole mice, initial treatment with caustic potash was followed by saponifica¬ 
tion. An almost colourless extract of the unsaponifiable fraction was obtained, and 
the fluorescent spectrum of this fraction was examined without further treatment. 

Methylcholanthrene. The extract of an animal killed 3 hours after injection 
of 0*5 ml. of 0-01 % colloid did not show the fluorescence spectrum bands shown 
by the extract of a mouse killed immediately after injection. 

Anthracene. Mice were injected intravenously with 0*5 ml. of 0-6 % colloidal 
solution and the animals killed at intervals after injection. The fluorescent 
spectra of the extracts of the whole mice are shown (PI. II, fig. 3). It is just 
possible that the general fluorescence masks the anthracene spectrum in the early 
extracts, but in the 17-liour extract there is no evidence of the presence of the 
hydrocarbon. 

Notes on fluorescence analysis. 

The fluorescence spectra were recorded on a Hilger E 3 quartz spoctrograph. 1 
The source of ultraviolet rays was a Kelvin, Bottomley and Baird quartz 
mercury lamp, which was fitted with a Wood’s glass filter, and the solutions were 
examined in a small flat-sided quartz cell fitted with a flat vita-glass cover to 
prevent loss of evaporation. 

PI. II, fig. 4 gives comparative spectra for the three carcinogens under test, 
and shows that the fluorescence of l:2:5:6-dibenzanthraeene is much less intense 
than that of methylcholanthrene or 1:2-benzpyrene. 

In the course of the experiments carried out in this laboratory, the shift 
in the fluorescence bands of l:2-benzpyrene with different solvents, described 
by Sannie [1936], has been observed, the bands in alcohol and light petroleum 
solutions being displaced about 50 A. towards the ultraviolet region, relative to 
the bands in chloroform and benzene. Similar displacement in the fluorescence 
bands of l:2:5:6-dibenzanthracene and methylcholanthrene in these solvents 
has also been noted. The importance of specifying the solvents used in such 
experiments is therefore obvious. 

Discussion. 

The dosage of colloid, per body weight used in the case of small animals 
represented 5-10 times that employed in the case of large animals; comparable 
doses, in the case of fowls and rabbits, would have involved injection of about 
50 ml. colloid. Equivalent dosage for small animals was therefore obtained by 
injecting a certain number with diluted colloid, which gave similar but less 
marked results. There seems to be no reason to doubt that essentially the same 
mechanism was involved in all the animals tested. 

Benzpyrene, methylcholanthrene tod anthracene appeared to be eliminated 
in the same way, but, as the fluorescence of benzpyrene and of its derivatives is 
much more brilliant and therefore more easily detected than that of the other 
hydrocarbons, most of the work has been done with this substance. 

The course of events, after intravenous injection of 1:2-benzpyrene colloid, 
is substantially the same in rabbits, guinea-pigs, mice, fowls and chicks and 
may be summarized as follows: 

1 Purchased with a grant from the British Cancer Campaign. 
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0-15 min . after injection. Fresh blood films examined by ultraviolet illu¬ 
mination show particles of yellow fluorescence in Brownian movement, the 
corpuscles appearing as dark non-fluorescent bodies. Naked eye examination 
shows that the animal’s body fat is beginning to dissolve the benzpyrene, thereby 
acquiring a violet fluorescence. 

15-30 min . after injection . Blood films show greatly reduced numbers of 
fluorescent particles which are larger and no longer show Brownian movement. 
They are independent of the blood cells. At this time, body fat shows violet 
fluorescence, proved spectrographicallv to be due to unaltered benzpyrene. 
Frozen sections of liver, examined by ultraviolet illumination, show lavender- 
coloured fluorescent droplets in the liver cells. (Morphologically similar droplets 
in controls show greenish fluorescence.) 

30 min. to 2 hours after injection. Blood films show no fluorescence; body fat 
fluorescence diminishes; fluorescent bile appears in the gall bladder, reaching a 
maximum at from 1 to 2 hours. This fluorescence is due to a water-soluble 
derivative, or derivatives, which does not show fluorescent bands of benzpyrene. 

2-0 hours after injection. Fluorescence of body fat disappears and fluorescence 
of bile diminishes and finally returns to normal (brownish green fluorescence). 

1:2:5:(>-Dibenzanthracenc colloid disappears from the circulating blood like 
the other hydrocarbons investigated, but its subsequent fate has not been 
demonstrated. If it forms a bile-soluble derivative, this must be of feeble 
fluorescence or non-fluorescent. 

Recently, most of our work has been done on mice and chicks, since the 
saving in costly materials and the ease of housing large numbers outweigh con¬ 
sideration of technical difficulties. As the intravenous injection of chick embryos 
does not seem to be a procedure in common use, a short description of the 
technique has been given above, but it may be mentioned here that chick 
embryos are quite easily handled and injected successfully after a little practice. 
1-5-day-old chicks are much more difficult to inject, and light anaesthesia is 
required to prevent struggling. 

As far as the colloids of 1:2-benzpyrene, methylcholanthrone and anthracene 
are concerned, the whole process, from the moment of intravenous injection to 
the time of final elimination by the liver, can be followed visually by virtue of 
the fluorescence of these hydrocarbons and their derivatives. Blood films for 
examination are examined fresh and unstained under a 4 mm. objective; no 
special lenses are required, as the ordinary optical glass transmits the near 
ultraviolet rays that penetrate the Wood’s glass filter and are used to excite the 
fluorescence. The fluorescence of subcutaneous fat can be seen through the skin, 
particularly in the neck region of young chicks. Examination of samples of bile, 
in the ease of fowls, was facilitated by the formation of biliary fistulae by pre¬ 
liminary cholecystostomy, from which bile could be withdraw n before and at 
frequent intervals after intra venous injection of the colloids. Fow ls tolerate such 
fistulae well, but rabbits and guinea-pigs do not, and in these animals it was 
necessary to perforin laparotomy for the collection of samples, at various time 
intervals after intravenous injection. The subsequent fate of the bile-soluble 
derivatives has not been satisfactorily determined, owing to the general nature 
of their fluorescence spectra. In the case of mice however it is possible to trace 
the fluorescent cystic bile in the duodenum and in gradually diminishing intensity 
in the small intestine. It is possible that destruction, or reabsorption, of these 
fluorescent derivatives occurs in the intestine, and that this explains their 
absence from the faeces. 

Excretion in the bile is probably common to many substances in addition to 
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those described, and it seems likely that any carcinogenic substance of the 
l:2-benzanthracene type that might be formed in the body would bo eliminated 
by this route. The problem of the mode of action of these carcinogens is some¬ 
what simplified by the foregoing observations, for it seems clear that our efforts 
should now be concentrated on the early events of the latent period, rather than 
on that part of the cycle of events generally regarded as the earliest stage of 
malignancy, namely, the period of first demonstrable tumour growth. It is 
possible that the action of the chemical carcinogens is far more rapid than has 
been generally assumed, and that essential changes occur in the cell long before 
malignant multiplication commences. If this is so, it is possible that histological 
research may reveal hitherto unrecognized appearances characteristic of such 
early cytological changes. If, on the other hand, these carcinogens act as such 
and over a prolonged time, then the amounts required for carcinogenesis must 
be very minute and they must become fixed in some way at the site of injection 
so as to be protected from the process of elimination. 

Summary. 

1. Methods of extraction of certain polycyclic hydrocarbons from chick 
embryos and from excreta are described. 

2. Benzpyrene and dibenzanthracene have not been detected in the excreta 
of fowls injected intramuscularly with these substances in fatty solution. 

3. Benzpyrene and dibenzanthracene are eliminated from chick embryos 
within a few days of intramuscular injection in fatty solution. 

4. Benzpyrene is eliminated from chick embryos within a few hours of intra¬ 
venous injection of colloidal solution. 

5. Benzpyrene, methylcholanthrene and anthracene are eliminated from 
mice within a few hours of intravenous injection in colloidal solution. 

6. The mechanism of elimination of benzpyrene, methylcholanthrene and 
anthracene, and the excretion of their fluorescent water-soluble derivatives in 
the bile and their recovery from the gall bladder, is described. 

7. The absence of such fluorescent derivatives from the gall bladders of 
chick embryos and of 1-3-day-old incubator-hatched chicks previously injected 
intravenously with benzpyrene colloid is noted and explained. 

We wish to acknowledge the technical assistance of Mr S. Breslin who also 
printed and arranged the spectra for publication, and of Mr C. Bern who 
assisted at the animal and chick embryo operations. 

One of us (J. G. C.) is indebted to the British Empire Cancer Campaign for 
a personal grant. 
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The difference in behaviour on partition between light petroleum and 80-90% 
aqueous methyl alcohol has for long provided a useful means of differentiation 
and separation of the hydrocarbon carotenoids from the corresponding hydroxyl- 
ated compounds—the xanthophylls [Kraus, 1872; Borodin, 1883: Willstatter 
& Stoll, 1913]. The separation and extraction of carotenoids by this partition 
method can be controlled visually by the colour of the extract, but in analyses of 
biological materials containing carotenoids and vitamin A such as we have 
recently carried out on butter [Gillam et at. 1933], egg yolk [Gillam & Heilbron, 
1935], and blood serum [Gillam & El Ridi, 1935], the question sometimes arises 
as to which phase contains the vitamin, which is, of course, colourless. In the 
analysis of butter it has usually been found that the vitamin A is divided betw'oen 
the petrol and alcohol phases rather irregularly, although Wolff et at. [1930] have 
showTi that carotene and vitamin A can be separated by means of the phase test, 
the carotene going into the petrol phase whilst the vitamin goes into the alcohol 
phase. As however, the exact conditions for complete extraction w r ere not speci¬ 
fied and vitamin A has no colour by which its extraction can be followed visually, 
we have carried out a series of determinations of the partition coefficient of 
vitamin A between light petroleum and various accurately known concentrations 
of aqueous methyl alcohol, the conditions being strict!\ T controlled. 

Experimental. 

Vitamin A . The material used throughout the experiments was a concentrate 
obtained by distillation of the sterol-free unsaponifiable matter of halibut liver 
oil |cf. Heilbron et al 1932]. It w as a pale amber-coloured viscous liquid having 
an intensity of absorption E\*J* X (328 m/*)= 1200 approx., i.e. it contained about 
75% of the vitamin. 

Solvents. The methyl alcohol used (commercial pure) was further purified by 
refluxing w r ith metallic sodium (20 g. in 2000 ml.) for (> hours, followed by distilla¬ 
tion, the first and last 100 ml. of distillate being rejected. The purified product was 
diluted with distilled water to the required density (by certified hydrometer) at 
15°, the density-concentration values used being those quoted by Hodgman & 
Lange [1929]. The light petroleum was commercial material, b.f. 70-80°, 
redistilled. 

Partition . 100 ml. of a solution of the vitamin A concentrate of suitable 
strength in light petroleum were transferrred to a dry 250 ml. stoppered bottle. 
100 ml. of the aqueous methyl alcohol were added and the mixture shaken 
vigorously by hand at room temperature. The bottle and its contents were then 
immersed in a thermostat at 20° ± 0-5° and shaken occasionally during 1 hour. 
Portions of each phase were separated and their vitamin A contents determined. 

Biorhem. 1936 xxx ( 1249 ) * 80 
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Analysis of the two phases . Samples of each phase (2-5 ml.) were diluted with 
25-100 ml. of ethyl alcohol (purilied until completely transparent to ultra¬ 
violet rays) according to the amount of vitamin present, and the intensity of 
absorption of the solution, at 328 m/x, determined spectrophotometrically, using 
a Hilger E 8 quartz spectrograph and Spekker photometer. The concentrations of 
vitamin A in each phase were calculated from the intensity of absorption, on the 
basis of a value of E J = 160() for the purest vitamin A, but the partition results— 
being relative—are independent of the absolute intensity of absorption of pure 
vitamin A. 

The accuracy of the analytical method (photographic absorption spectro¬ 
photometry) is probably of the order of ± 2 %. 

Miscibility of light petroleum and aqueous methyl alcohol. The laws governing 
the distribution of solutes between two immiscible solvents are only strictly 
true when the solvents are perfectly immiscible. In the pair of liquids 
under discussion this ideal condition is apparently not realized but this does 
not affect the application of the phase test as a means of separation of, for 
example, carotene and lutein, or carotene and vitamin A, because the two 
phases are separated as such, irrespective of their composition. In the repeated 
extraction of a light petroleum solution with 90 % aqueous methyl alcohol the 
volume of light petroleum steadily diminishes by extraction into the alcohol 
phase. 

The numerical results obtained in the partition experiments are recorded in 
Table I. 

Extraction of vitamin A from one solvent by the other. Amongst other results 
of these determinations it is now possible to calculate how many extractions with 
a given concentration of aqueous methyl alcohol will be necessary to extract the 
whole of the vitamin A from a given solution in light petroleum. Thus, from the 
partition coefficient it follows that seven extractions of a light petroleum solution 
of vitamin A with 90 % methyl alcohol equal in volume to that of the light 
petroleum should be sufficient to remove all the vitamin A from the solution. 
We have tested this deduction experimentally and found the extraction of 
vitamin A to be almost quantitative. 

When vitamin A is allowed to distribute itself freely between light petroleum 
and 90 % methyl alcohol the results show that the concentrations in each phase 
are approximately the same. This being so the reverse of the above procedure 
should also be true and seven extractions of the 90 % methyl alcohol solution 
with light petroleum should also remove practically the whole of the vitamin. 
This expectation has also been confirmed by experiment. 

The effect of temperature on the distribution. All the determinations recorded 
wore carried out at 20°, but in order to test the effect of variations of temperature, 
the 90 % methyl alcohol partition coefficients were also determined at 10 and 30°. 
The values wen;, within the experimental error, the same as those obtained at 
20° (cf. Table I). It is therefore possible to work at any room temperature be¬ 
tween 10 and 30° without affecting the results appreciably. 

The effect of carotene. As it ft frequently necessary to be able to separate 
carotene from vitamin A in biological material it was necessary to test whether 
small amounts of carotene affect the partition ratio. A standard solution of 
vitamin A in light petroleum was made up and pure /8-carotene, approximately 
equal in weight to the vitamin A present, added. The mixture was extracted 
seven times with 90% methyl alcohol, equal in volume to that of the light 
petroleum. The results showed that whilst the carotene remained in the petrol 
phase, 98 % of the vitamin A was recovered in the aqueous alcohol layers. 
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Table I. Distribution of vitamin A between light petroleum and aqueous 
methyl alcohol (at 20°). 


Volume changes^ 
in phases of light 







petroleum and 

° 0 of total vitamin A 




Cone, of 


aqueous alcohol 

going into alcohol 

Sp. gr.of 


Cone, of 

vitamin A 


after partition. 

pha 

se 

methyl 


vitamin A 

in methyl 


Initially 100 ml. 

,-^ 


alcohol 

Cone, of 

in petrol 

alcohol 

Partition 

h 100 ml. 

Assuming 

Allowing 

at 15° 

methyl 

phase 

phase 

coeffi¬ 

Final volumes 

complete 

for 

to water 

alcohol 

(«>/”%) 

(W”°o) 

cient 

, - 


i m misci¬ 

volume 

at 4° 

% by wt. 


C 2 

C x /C 2 

Petrol 

Alcohol 

bility 

change 

0-810 

95 

0-0118 

0-0177 

0-67 



59-3 

_ 



0-0159 

0-0240 

0-67 

— 

_ 

59-3 

_ 



0-00(55 

0-0102 

0-64 

— 

— 

(51-0 

_ 



0-0138 

0-0213 

0*65 

--- 

— 

60-6 

___ 



— 

- 

0*66 

77 

123 

60-0 

70-5 

0-824 

90 

0-0188 

0-0194 

0-97 

_ 

_ 

50-8 

_ 



0-0177 

0-0178 

0-99 

— 

— 

50-1 

_ 



*0-0203 

0-0211 

0-9(5 


— 

50-9 

_ 



*0-020(5 

0-0219 

0-94 

_ 

- 

51-3 




0-0159 

0-01(50 

0-99 


— 

50-1 

_ 



0-0175 

0-0173 

1-00 

— 


30-0 

_ 



1*0*0191 

0-0200 

0-9(5 

— 

_ 

51-1 

_ 



1*0-0188 

0-0195 

0-9(5 


— 

50-9 

_ 



0-0180 

0-0190 

0-95 

. _ 

— 

31-3 




0-0177 

0-0183 

0-97 

— 


50-8 

— 



— 

-- 

097 

90 

110 

50-8 

55*7 

0-838 

85 

0-0258 

0-0181 

1-43 


_ 

41-2 

_ 



0*0250 

0-0189 

1-32 

— 


43-0 

_ 



0-0195 

0-0138 

1*42 


— 

41-4 

_ 



0-0195 

0-0148 

1-32 

— 

— 

43-1 




0-020(5 

0-0151 

1-3(5 


— 

42-4 




0-0188 

0-0141 

1-33 

— 

— 

42-9 

-- 



— 

— 

1-36 

94 

106 

42-4 

45-3 

0-830 

80 

0-0270 

0-0101 

2*67 

_ 

_ 

27-2 

_ 



0-0270 

0-010(5 

2-53 

— 

— 

28-2 




0-0152 

0-00583 

2(50 


— 

27-7 

_ 



0-0270 

0-00958 

2-82 

— 

— 

26-2 

— 



0-0270 

0-009(5 

2-81 


— 

2(5-2 




- 

— 

2-69 

96 

104 

27-1 

25K5 

0-875 

70 

0-0339 

(MX >444 

8-09 

-- 

— 

11-0 

_ 


(MK144 

0-00437 

7-87 

— 

— 

11-3 

— 

0-0362 

0*00442 

8-19 

— 

- 

10-9 


0-0352 

0*0042 

_8*38_ 

- 

— 

_10*7 

— 

— 

— 

813 

97 

103 

11-0 

11-5 


* Both these sets of values were obtained at 30° (cf. text), 
f These two sets of values were obtained at 10 (ef. text). 

X These values were the means of actual volumes measured during the vitamin A distribution 
experiments but are not accurate to more than ± 1 ° () . 

The effect of sterols . In the biological material in which vitamin A occurs, 
there are always present relatively largo quantities of sterols and the question 
therefore arises as to whether the partition coefficient of the vitamin is altered 
by the presence of sterols. In order to answer this question partition coefficients 
were determined as usual for light petroleum—90 % methyl alcohol, except that 
to the petrol solution of vitamin A was first added 1*2% of cholesterol in one 
ease and 2 % in another. The results are given in Table II. 


80—2 
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Table II. Effect of cholesterol on the partition coefficient of vitamin A between 


% of cholesterol 
in petrol solution 
(at beginning 

light petroleum and 90 °/ 0 

% of vitamin A % of vitamin A 
in petrol phase in alcohol phase 

methyl alcohol . 

% of total vitamin A 
in alcohol phase 

C* x100* 

of exp.) 

C, 


C x /C 8 

(C 1 + C,) 

20 

00131 

0*0085 

1*54 

4M\ 401 

20 

00127 

0*0088 

1*44 

1*2 

00188 

0*0161 

1*16 

21 } 

1-2 

00180 

0*0145 

1*23 

00 

00177 

0*0183 

0*97 

50*8 


* Assuming complete immiseibility of the two phases (cf. Table 1). 


It is thus clear that the presence of sterols affects the partition coefficient 
considerably, in the direction of increasing the fraction of the vitamin remaining 
in the petrol phase. This is presumably due to the fact that the vitamin is 
extracted more effectively by a petrol solution of cholesterol than by petrol 
itself, for we know that in the partition the sterol goes preferentially into the 
petrol phase. Thus when use is made of the observed partition coefficients for 
work of a quantitative nature sterols should be removed as far as possible. It is 
probable that small amounts of sterol do not affect the partition seriously for it 
should be noted that in the above experiments the sterol: vitamin A ratio was of 
the order of 100-200 : 1. 

Summary. 

In view of the usefulness of the Kraus distribution method (usually known as 
the “phase test”) for separating carotenes from xanthophylls and the lack of 
accurate knowledge of the way vitamin A distributes itself under varying condi¬ 
tions when it occurs with carotenoids, a study of the partition coefficient of 
vitamin A has been made. The two solvents chosen have been those commonly 
used, i.e. light petroleum and aqueous methyl alcohol over the range 70-95 % 
alcohol. The results show that whilst with 90 % alcohol the vitamin distributes 
itself' almost equally between the two phases, with 70% alcohol the partition 
ratio is about 8 : 1 in favour of the light petroleum. It has been shown that it 
should require at least seven extractions of a light petroleum solution of vitamin 
A with an equal volume of 90 % methyl alcohol each time, to extract the whole 
of the vitamin from the light petroleum. This has been confirmed experimentally, 
as has also the conclusion that with this concentration of alcohol the extraction 
can be made as effectively from alcohol to petrol as in the opposite direction. 
The partition coefficient is unaffected by temperature changes between 10 and 30° 
but the presence of cholesterol alters it appreciably. 
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CLXXIX. THE ABSORPTION SPECTRA OF 
STEROLS FROM VARIOUS NATURAL SOURCES 
WITH PARTICULAR REFERENCE TO ERGO- 
STEROL AND OTHER VITAMIN D PRECURSORS. 

By ALBERT EDWARD GILLAM 
and ISIDOR MORRIS HEILBRON. 

From the Chemistry Department , University of Manchester. 

(Received 1 June 1936.) 

The fact that most of the animal and vegetable sterols can be rendered anti¬ 
rachitic by suitable irradiation with ultraviolet rays was, until recently, attri¬ 
buted to the presence of small quantities of ergosterol in the crude sterol. Support 
is lent to this view by the definite isolation of ergosterol from a number of its 
natural sources, e.g. fungi fTanrct, 1908], yeast [Windaus & Grosskopf, 1922], 
etc. In cases where it has not actually been isolated ergosterol has usually been 
detected by means of its characteristic absorption spoctrum, consisting of a 
system of four narrow bands at 293-3,281*5,270 and 261 m/x in alcoholic solution 
[Pohl, 1926: Heilbron et ah 1927; Rosenheim & Webster, 1927; Windaus & Hess, 
1927; Bills et ah 1928; Heilbron et ah 1928]. On the other hand, the preparation 
of 7-dehydrocholesterol,22-dihydroergosterol [Windaus & Langer, 1933; Windaus 
et ah 1935], 7-dehydroeholostenc and ergostatriene [Dimroth and Trautmann, 
1936], all of which possess the same absorption spectrum as ergosterol, indicates 
that absorption spectra data alone cannot be accepted as solo proof of the presence 
of this compound, the more so as it has been demonstrated that 22-dihvdro- 
ergosterol and 7-dehydrocholestorol also produce antirachitic products on 
irradiation [Windaus et al. 1935]. 

Moreover, cholesterol itself can apparently be rendered antirachitic [Bills 
et ah 1928; Koch et ah 1929; Waddell, 1934; Hathaway & Lobb, 1936], and 
tho position caused by this acknowledged plurality of substances capable of 
activation is still further complicated by the slowly accumulating evidence 
tending to show that natural vitamin D is different from tho artificially prepared 
calciferol [Steenbock et al. 1932; Ender, 1933], 

With these points in mind and as part of a larger investigation we are 
endeavouring to isolate the selectively absorbing substance (or substances) which 
occurs in tho sterol fraction derived from various animal products, the ultimate 
object being to ascertain whether the selective light absorption is in fact due to 
ergosterol or to some related body. As a necessary preliminary to this project, 
we have made an examination of the absorption spectra of a number of samples 
of crude and fractionated sterols, from diverse natural sources, with a view to 
finding the most suitable raw material for subsequent detailed examination of 
the absorbing compounds. The present paper records the absorption spectra data 
only (Table I). 

The sterols derived from the lugworm (Arenicola marina ), in particular, 
have been found to exhibit in addition to the ergostorol-like maxima, a triplet of 
bands at 346,328 and 316 m/x. These maxima are closely comparable with those 

( 1253 ) 
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Table I. 


Source of sterol 

Melting 

point 

°C. 

Ergosterol absorption bands 

Gross 

value 

of 

E\'J- 

lem. 

(281 m/a) 

Estimated % 
of active 
substance as i 
ergosterol 

Comments and some relevant 
literature references 

Ergosterol pure 

102-164 \ 


300 

— 

[Bacharach et al 1933; 

22-Dihvdroeigosterol 

152-153 


(300) 

— 1 

Tanret, 1908] 

i Data by Windaus and 

7-Dehydrocholesterol 

142-143-5 

-293-5, 281-5, 271 (201) m f i 

(300) 

— J 

I Langer [1933; Windaus et 

7 - Dehydrocholestene 

88- 89 


_ 

— 1 

al. 1935J 

i Data by Dimroth et al. 

Ergostatriene 

99-100 * 


— 

J 

f [1936] 

Cholesterol pure 

147 

None 

— 

— 

— 

Cholesterol coin!, “pure” 

148* 

Bands plus much general 

0*33 

Order 0-10 

— 

ex fish liver oil 

Cocksfoot grass 

138 

absorption 

Very clear 

2-43 

0-81 ) 

[Gillam et al 1933; Pollard, 

Perennial rye grass 

137 

Very clear 

4-45 

1-48 j 

“ 19361 

Butter (mixed sample) 

— 

Very ill-defined 

0-71 

Order 0-12 \ 

[Hentschel k Bachmann, 

Colostrum butter 

— 

Clear 

0-21 

0-07 J 

‘ 1930] 

Egg yolk 

147 

Very clear 

0*(>6 

0-22 

[BisohofT, 1931] 

Blood serum (cow) 

144-145 

Clear 

0-14 

0-15 

— 

Brain (cow) 

140 

Bands plus general absorp¬ 

0-11 

Order 0-01 

Solid unsap. -*-22% on dry 

Brain (sheep) 

145-140 

tion 

Bands plus general absorp¬ 

0-25 

Order 0-04 

wt. 

Solid uiLsap. ^-10-8% on 

Brain (source unknown) 

145-140 

tion 

Selective absorption not 

0-07 

<0-01 

dry wt. 

[Page, 19301 

Yeast 

93-101 

detectable 

Very clear 

59-1 

19-7 

Crude unsap. matter= 

Wheat germ oil 

_ 

Fairly clear 

2-4 

0-8 

0 85 % dry wt. of yeast 
[Drummond et al. 1935] 

Halibut liver oil, 1 

140 

Very clear 

0-30 

0-10 

— 

Halibut liver oil, 2 

— 

Not present 

— 

None detectable 

3 — 

Japanese cod liver oil 

Wnale liver oil 

140 

Very clear 

0-28 

0-09 

-- 

140 

('lcar 

0-035 

0-012 

— 

Cod roe (female) 

147 

Very weakly defined 

3-49 

Order 0-55 

Solid unsap. <^8-0 % on dry 
wt. 

Herring roc (female) 

145 

Bands plus general absorp¬ 

1-56 

Order 0-35 

Unsap. matter *^2-1% on 

Plankton ( Munidia banf- 

_ 

tion 

Plus general absorption 

1-65 

Older 0-35 

dry wt. 

Acetate (not free sterol) 

jua) 

Kagworm {Nereis) 

148 

Bands plus much general 

0-94 

Order 0-20 

examined 

Lugworm ( Arenicola marina ): 

(a) L15-136 

absorption 

Clear 

35-9 

12-0 


(ft) 

113-J14 

Clear 

27-2 

9-0 

— 

(r) 

— 

Clear 

13-9 

4-6 

... 

Sea Mat (Fluslra securifrons ): 

(a) 142 

Clear 

10-3 

3-43 

Purified sterols (a) 

(ft) 

132-135 

Very clear 

32-3 

10-7 

Crude sterols, another batch 

(ft) 

Purified sterol 

Seaweed ( Fucus vesiculosus) 

_ 

Bather ill-defined 

0-23 

0-08 

Oyster (a) 

— 

Very indefinite 

10-7 

Order 1-8 

(a) Acetate, not free sterol 
examined 

(b) Crude sterol; another 

(ft) 


Very clear bands 

16-5 

5-5 

“Ostreast-cryl acetate” ex 


Very clear 

5-15 

1-7 1 

batch 

| Oyster sterols [Bergmann, 

Flustra securifrons 
“ Ostreasteryl acetate ” ex 

142-143 

Very clear 

12-5 

4*2 J 

J- 1934], Absorbing sub- 
' stance present as impurity 

Pentiatula quadrangularis 
Actinia equina 

145 

Very clear 

15-0 

5-0 

Sea anemones [Heilbron et 

Actiwihba dianthus ( a) 

134-138 

Clear . 

11-5 

3-8 

al. 1935; Klenk and Die- 

(ft) 

— 

Clear 

13-5 

4-5 

bold, 1935] 

<*> 


Very clear 

6-18 

2-03 

(d) 

—. 

Clear 

31-9 

10-6 


A ne mania sulcata 

— 

Clear 

5-02 

1-67 

Fraction only of sterols 


characteristic of the chromophoric grouping of dehydroergosterol (Heilbron et al. 
1929J; the intensities of the bands in the lugworm sterols vary between 
EWn 0*7 and 4*9 (equivalent to dehydroergosterol of the order 0-2-1-6%). As 
however, identity of absorption maxima, in itself, is not conclusive proof of the 
presence of a particular compound we are endeavouring to isolate this absorbing 
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substance also, with a view to examining its chemical and biological properties. 
Sterol fractions having absorption maxima similar to those of dehydroergo- 
sterol have also been obtained from wheat germ oil [Edisbury, 1933]. 

Experimental. 

Preparation of the sterols . In the examination of the raw materials recorded 
in this work the main object has been to obtain the crude sterols with the 
minimum of manipulation since it has been found that the usual methods of 
purification tend to reduce the intensity of selective absorption of the “ergo- 
sterol ” type. The sterols have, with few exceptions, been obtained by hot 
saponification of the raw biological material with aqueous or alcoholic potash 
followed by ether extraction, the examination generally being made on the solid 
portion of the unsaponifiable matter after one recrystallization from alcohol. 

Determination of the absorption spectra . All the photometric measurements 
recorded were made on a Hilger E a Quartz spectrograph attached to a Spekker 
photometer, the light source being a tungsten steel spark for use when deter¬ 
mining intensities. A hydrogen tube was also used occasionally to render more 
certain the detection of absorption bands when these were obscured by irrelevant 
absorption. The solvent used in all cases has been pure ethyl alcohol. No claim 
is made that the spectroscopic properties recorded for these gross sterol fractions 
are typical of the source from which they were derived, as only one or two samples 
of each kind have been examined. That two different samples of sterol from the 
same biological source may differ is shown by the variation between the two 
samples of halibut liver oil sterol and between the various samples of lugworm 
sterol (cf. Table I). 

Summary. 

As part of a larger investigation into the apparent difference in properties 
between natural vitamin I) and calciferol a survey of the absorption spectra of 
sterols from various animal sources has been made, with the ultimate idea of 
isolating the absorbing substances for subsequent examination. It has been 
found that certain marine animal sterols, notably those from lugworms (Aren't- 
cola marina), sea anemones and oysters, exhibit absorption bands identical 
with those of ergosterol and, calculated as such, indicate the presence of 5-12% 
of the absorbing substance. The lugworm sterols exhibit, in addition, maxima at 
346, 328 and 316 nip, closely comparable with those of dehydroergosterol. 

Our thanks are due to Mr A. Lurnley and Dr J. A. Lovern of the Torrv 
Research Station, Aberdeen, for the supply of certain of the raw materials used 
in this investigation. 
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CLXXX. THE POTENTIOMETRIC DETERMINA¬ 
TION OF POLYPEPTIDES AND AMINO-ACIDS. 

II. THE FORMALDEHYDE TITRATION. 

By ERNEST WILLIAM BALSON and ALEXANDER LAWSON. 

From University College , Southampton . 

(.Received 1 May 1936,) 

In a previous paper [Balson et al. 1935] a potentiometric examination was made 
of the Willstatter-Waldschmidt-Leitz titration. This titration was found to be 
of limited application to the study of proteins and their hydrolysis products 
owing to tho low solubility of such substances in 90 % aqueous alcohol. We have 
accordingly made an examination of the formaldehyde titration of Sorensen, 
which as far as solubility is concerned, appears to be better suited to the ex¬ 
amination of protein hydrolysates. 

Previous work on the formaldehyde titration falls into two main divisions, 
firstly the isolation of compounds between formaldehyde and amino-acids, and 
secondly, the titration of amino-acids in the presence of formaldehyde with 
indicators or by electrometric methods. 

Krause [1918], in a study of the reaction between glycine and formaldehydo, 
postulated the formation of a compound formed from two molecules of glycine 
and three of formaldehyde having the constitution 

CH()H(CH 2 . NH.rH 2 .C()()H) 1 . 

Bergmann et al. [1923] obtained compounds containing three molecules of 
formaldehyde with one amino-acid residue, and later [Bergmann & Ensslin, 
1925] the triformylglycine obtained in this reaction was shown to be identical 
with the product of Krause. Bergmann’s compounds were of the type C 3 H 6 0 2 . It, 
.one molecule of water being eliminated in the reaction, and they woro readily con¬ 
verted into the corresponding methyleneimino-compounds of Sorensen [1908] 
and Sehiff [1902] with loss of formaldehyde. 

Harris [1924; 1929] and Birch & Harris [1930] have examined, both by colori¬ 
metric and potentiometric methods, the titration curves of amino-acids in 
formaldehyde solution. The treatment was not quantitative, but from the 
results Harris concluded that the action of the formaldehyde was to give the 
methyleneimino-acid of Sorenson, having a dissociation constant a thousand 
times as groat as the parent acid. In the last paper of the series the effect of 
formaldehyde was used to prove the zwitterionic structure of the amino-acids. 
Richardson [ 1934] has made a comprehensive survey of the methods available 
for the determination of amino-N and -COOH and has discussed the significance 
of the results obtained in the light of the zwitterion hypothesis. The only 
quantitative work on the effect of formaldehyde on amino-acids is duo to Levy 
[1933] and Tomiyama [1935]. Levy made a physico-chemical study of the 
equilibria involved and was able, assuming that formaldehyde reacts with the 
amino-acid anion, to give a quantitative interpretation of the reactions. With 
prolino the reaction was found to produce only the binary compound, whereas 
with amino-acids both the mono- and di-formyl compounds were obtained. 
Tomiyama, restricting himself to the examination of the effect of small concen- 

( 1257 ) 
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tration8 of formaldehyde (less than 0-2 M), concluded that only one molecule 
reacts with the amino-acids glycine, alanine and proline. With such small con¬ 
centrations, however, it is not surprising that the reaction does not proceed 
beyond the first stage. This restriction in formaldehyde concentration was 
applied to obviate possible errors in pH determination due to electrode failure 
and/or solvent change, but a consideration of the data presented in this paper 
shows that it is unlikely that any significant errors of such a nature are present. 
The equations developed describe quite adequately the data for formaldehyde 
concentrations up to about oM. In the few cases where electrode failure was 
experienced the results were quite at variance with theoretical requirements, 
and under normal conditions the values for the reaction constants could be 
satisfactorily reproduced. 

This work has been extended to include other amino-acids and imino-acids, 
dimethylglyeine and a di- and tri-peptide. It has been found in agreement with 
Levy, that only the monoformyl compound is formed with the imino-acids proline 
and sarcosine, and also that both mono- and di-formyl compounds are formed 
with the amino-acids, but in addition, evidence is brought forward to show that a 
third molecule also enters into combination in the second case, and this behaviour 
has been found generally true for all the amino-acids examined. This is in agree¬ 
ment with the results of Bergmann. A di- and tri-peptide were also examined 
and found to give qualitatively the same results as the amino-acids. Dimethyl- 
glycine was found to be very slightly affected by formaldehyde, the effect being 
qualitatively the same as is obtained with boric acid. In view of this, and also 
because the results do not fit any mechanism involving combination with 
formaldehyde, it is concluded that no reaction takes place. Tho changes which 
do occur are probably in the main due to the weakly acidic function of the 
formaldehyde and in a lesser degree to solvent changes. 

In view of these results, and taking into account the high reaction rate, it 
seems probable that the reaction takes place in stages. We therefore suggest that 
compound formation is dependent on the number of hydrogen atoms attached to 
the nitrogen. This will account for the addition of one molecule of formaldehyde 
to the imino-group. With the amino-group two molecules can be directly attached 
and the third molecule will most probably form a ring of the type of trioxy- 
methylene. The following mechanism is suggested: 

:NH + CH a O~ :N.CH 2 OH 

/CH 2 OH CH 2 —O v 

—NEj + CH 2 0 NH.CHoOH + CH g O -> —N< + CH a O -> —N< > CH a . 

\CH 2 OH \CH a —CK 

Tomiyama postulates the formation of a co-ordination compound between the 
formaldehyde and the amino-acid. Such a mechanism would imply that the 
deciding factor for combination is the presence of the lone pair of electrons on 
the nitrogen atom. On this basis one would expect only quantitative differences 
in behaviour between glycine, sarcosine and dimethylglyeine. This, however, is 
not in agreement with our observations. 

Birch and Harris have used thd effect of formaldehyde on the titration 
curves of amino-acids to prove that they possess, in preponderating amount, the 
zwitterionic structure. It can be shown, however, that all the observations con¬ 
nected with this effect are not necessarily due to the presence of the zwitterion. 
Let us consider the titration of glycine with hydrochloric acid in the presence 
of formaldehyde (Fig. 3). Here we have a small but definite shift in the titration 
curve corresponding to a lowering of the apparent basicity caused presumably 
by reaction with formaldehyde. If the formaldehyde reacts with the —NH a 
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group the effect on the apparent basic constant must of necessity be small since 
the apparent pK b is 12; with a primary amine, on the other hand, the apparent 
basic constant is about 10~ 5 and by addition of formaldehyde this can be lowered 
to reach in the limit a value of 10“ 14 . Thus in the second case there can be a large 
possible effect on the titration curve with hydrochloric acid as Harris has shown. 

The apparent acid constant of an amino-acid is about 10~ 10 , and the effect of 
formaldehyde is to increase this, so that a marked shift in the titration curve 
with sodium hydroxide towards a lower limit corresponding to the dissociation 
constant of a carboxylic acid can take place. The change in the acid constant 
can be quantitatively accounted for by assuming that the —NH 2 group reacts 
with formaldehyde. As is shown later, and as Levy has pointed out in this case, 
it is again immaterial whether the zwitterionic form, the normal form or the acid 
anion reacts. It will be seen therefore that the only effect of formaldehyde is to 
combine with the —NH 2 group to reduce its basic power, the —NH 2 group being 
either present as such or arising from the zwitterion. 

It can be shown that it is immaterial as far as the results from the sodium 
hydroxide titration art* concerned whether the formaldehyde attacks the anion, 
or the zwitterion or both. Thus if we consider the following equilibria: 

(z) (a) (h) 

HA -Z±^±A' + H+ 

Ki 

+ +• 

F F 

A , H U A, 

HAF AF’ + J{.+ 

(b) K 2 (c) (A) 

Where 2 , //, a, F, 6, c are the molar concentrations, K 1 and K 2 the dissociation 
constants, and A z and A a the association constants for the zwitterion and the 
anion respectively. We then have K^ha/z, K 2 = hcjb, A z = bjzF, A a — cjetF, 

so that KilK 2 — A z jA a .(1). 

Let us assume that the anions are attacked and that new acids are formed with 
dissociation constants different from the parent acids. If it is assumed that 
compounds containing up to three molecules of formaldehyde are formed, then 
the following equilibria are involved: 

*1 


H.4 Z± - H+ + A’ (a) 

e 

II 

(z) (A) + 


F 

A 1 = cjaF 

k 2 u a. 


KAF ^ H ++AF' (c) 

(d) + 

K 2 =ch/d 

F 

A 2 —e/cF 

k 3 It A 2 


H AF 2 H+ +AF 2 ' (e) 

K 3 = eh/g 

(9) + 


F 

A 3 —mjeF 

A 3 


KAF a H++ AF 3 ' (m) 

Ki—mhjn 


M 
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Since the Henderson-Hasselbach equation describes the titration curves in the 
presence of formaldehyde we know that the apparent dissociation constant is 

given by. ^ 0= H + (sum of all anions)/(all undissociated acids), 
i.e. (a+C‘4-6 4* m)l(z d A g n). 

This equation together with the above relations leads to the expression: 

(KJK^V+A^ (KJKz-V+A^F (KJK^+A^A.F (K 0 /K^l)^0 

.( 2 ). 

Now if K 0 /K 2 , K 0 /K z etc. are small compared with 1 this reduces to 

KJK 1 -l = A 1 F+A 1 A t F»+A 1 A % A t F* .(3), 

which, apart from the last term, is Levy’s expression. This expression is found to 
hold in practice and so the approximation is justified. 

The value of K 0 IKi can readily be obtained from the observed e.m.f. values 
as follows: 

The amino-acid is approximately half neutralized with sodium hydroxide 
and titrated with formaldehyde. Before addition of formaldehyde is made the 
pK a is given by: 

pK 1 =pH +log [M — Na+)/Na+ (M = molar cone, of amino-acid). 

This will also be true for the apparent pK a values in the presence of formaldehyde. 

Thus if E x = e.m.f. of hydrogen electrode before CH 2 0 addition, 

E 0 = e.m.f. of hydrogen electrode at any CH 2 0 addition, 

then at 25°: EJO-0591 =2)11! and pHj + C—pK x , 

where C =log (M —Na + )/Na f which is constant and independent of volume, and 

J^o/0-0591 =2 >Ho and + C—pKo • 

Therefore (E 1 —2£ 0 )/0-0591 =2>H X —pK^ =pKi —pF Q = log K 0 /K x . 

This does not involve the e.m.f. of the half cell. 

The constants in equation (3) were obtained by graphical methods as follows: 

Equation (3) is K 0 jK 1 —l=:A 1 F+A l A 2 F i +A l A 2 A 3 F z =R. 

Dividing through by F we obtain : 

(KJK^y/F^R/F^+A^F+A^AtF* .(4). 

The plot of R/F against F yields a curve whose intercept is A x (see Fig. 1). 
Taking the term A x to the left-hand side and dividing through by F we obtain: 

(R/F-AJ/F^A^+AiAtAzF .(5). 

This is a straight line intercept A X A 2 slope A X A 2 A 3 (see Fig. 2). 

The amino-acids give results which fit equation (3) and the various constants 
have been evaluated (Table I). Proline and sarcosine combining with only one 
molecule of formaldehyde give straight lines when equation (4) is applied, the 
slope being zero and the intercept A x (see Fig. 1). By means of equation (1), 
equation (3) may be converted into the corresponding equation which describes 
the attack on the zwitterion. Since however equation (1) does not involve the 
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Amino-acid 

Table I. 

a 

P 

y 

Glycine 

160 

500 

69 

Alanine 

24 

66 

36-5 

a-Aminobutyric acid 

21 

28 

7-5 

j8- Phenylalanine 

22 

24-5 

6-7 

Valine 

23 

9-5 

2-7 

Leucine 

17 

32 

2-7 

Leucylglyeine 

22 

35 

9-4 

Leucylglycylglycine 

25 

38 

13-8 

Proline 

126 

— 

— 

Sarcosine 

320 

— 

— 



Fig. 1. Plot of CH 2 0 concentration against R/F (equation 4). Curve 1, Valine. II, Leucine. 

Ill, a-Aminobutyric acid. IV, Leucylglyeine. V, Leucylglycylglycine. VI, Glycine (on 

reduced scale RF divided by 100). VII, Alanine. VIII, Glycine. IX, Sarcosine. X, Proline. 

concentration of formaldehyde, then tho new equation will be of the same order 
with respect to F as is (3), both being of the form: 

KolK^l^oLF+pFt+yF*. 

The constants a, /J, y, may be determined by the methods of plotting already 
described. From the form of the curve no decision can be made as to whether the 
anion, the zwitterion or both react. Theso constants a, /?, y are thus composite 
association constants and from the data it is impossible to determine with which 
equilibria they are associated. 

It would appear from the table of results that the constant for the addition of 
the first molecule of formaldehyde is practically unaltered with increased in chain 
length with the exception of glycine, whereas the second and third constants are 
markedly lowered. This is most noticeable in the cases of valine and leucine. It 
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is interesting to note that chain increase caused by peptide formation results in 
the reverse effect in the case examined, the second and third constants showing 
an increase, as in the example leucine, leucylglyeine and leucylglycylglycine. 



Fig. 2. Plot of CH a O concentration against (J H/F - A L )/F (equation 5). Curve I, Alanine. 

II, Leucylglycylglyeine. Ill, Leucylglyeine. IV, a-Aminobutyric acid. V, Leucine. 
VI, Valine. 

Fig. 3. Plot of GH S () concentration against K n K lf where K 0 is apparent basic dissociation con¬ 
stant at zero CH a O cone., and K x the value at cone. F. Curve 1, Effect of CH 2 G on glycine 
half-titrated with HC1. II, Effect of CH a O on dime thy Igly cine half-titrated with NaOH. 

III, Effect of CHgO on boric acid half-titrated with NaOH. 


Experimental. 

Glycine (a .r. ) was used as standard, the other amino-acids being checked against 
this by electrometric titration. The formaldehyde was of a.r. purity and immedi¬ 
ately before use was distilled over calcium carbonate, giving a distillate (pH 4-8) 
containing practically no formic acid. The distillate was filtered and immediately 
transferred to a sealed microburette, saturated with hydrogen and maintained 
in an atmosphere of hydrogen. Its strength (10-13 M) was accurately determined 
by the method of Romijn [1897]. All titrations were carried out in a thermostat 
at 25° using the titration vessel and hydrogen electrodes previously described. 

Summary. 

1. The effect of formaldehyde on the titration curves of simple amino-acids 
and polypeptides has been quantitatively examined. 

2. Tt is shown that mechanisms involving reaction between the form¬ 
aldehyde and the amino-acid either in the form of the zwitterion, or the anion 
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or as both simultaneously yield results which fit the experimental data, so that 
it is impossible to decide in which form the amino-acid reacts. 

3. All the primary amino-acids and polypeptides react with up to three 
molecules of formaldehyde, the secondary with one only, the tertiary being with¬ 
out action. A reaction mechanism is suggested. 

4. The reaction constants for a series of amino-acids and two polypeptides 
have been evaluated. 

We are grateful to Imperial Chemical Industries Ltd. for a grant, and to the 
Department of Scientific and Industrial Research fora maintenance grant awarded 
to one of us (E. W. B.). 
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DETERMINATION OF D 2 0 IN WATER. 

By KAREN FENGER-ERIKSEN, AUGUST KROGH 
and HANS USSING. 

From the Laboratory of Zoophysiology, Copenhagen University . 

(Received 1 June 1936.) 

Deuterium oxide can be utilized as a tool for the study of certain chemical and 
biological problems, including the constitution of complex organic compounds 
in vitro and in vivo , and in a number of such cases it is essential to be able to 
determine very small quantities, available, say, from the combustion of tissue 
fragments or expensive compounds. 

The method here described is a modification of one worked out by Barbour 
& Hamilton [1926] for specific gravity determination of blood and tissue fluids 
and also applied fVogt & Hamilton, 1935] to D 2 0. It consists essentially in 
measuring the rate at which a drop of water will sink through an immiscible 
fluid of slightly lower specific gravity. We have succeeded in increasing 
the accuracy to the sixth decimal place in specific gravity corresponding to 
0*001 %D 2 0 in H 2 0. 

The important points in the method are: 

(1) A very rigorous purification of the water to be tested, so as to exclude the 
presence of any substance save D 2 0 and H 2 0. 

(2) The production of drops of exactly the same volume by means of a 
special pipette. 

(3) Temperature control of a water bath to within 0*001°. 

(4) The measurement of time intervals of 15-30 sec. to within ±0*02 sec. 

(1) The water to be determined can sometimes be taken directly from an 

experiment, but more often it is obtained by distillation or even by combustion. 
When distilling off the water from organs we use a small oven which is heated to a 
constant temperature of 105° and evacuated by means of a filter pump connected 
up at intervals so as to keep the pressure below 10 mm. Hg. The water given off 
is condensed by means of solid C0 2 in alcohol giving a temperature of about 
— 70°. 

It is important that as much water as possible is driven off and condensed, 
because H 2 0 being slightly more volatile than D 2 0 a certain fractionation takes 
place. 

The residues are pulverized and finally dried at about 108° in an electric 
oven or in vacuo below 100°, thereby losing from 2 to 10% water. 

Protein solutions are ovapojated in vacuo from a flask to which minute 
quantities of octyl alcohol can be added (Fig. 1). Most of the water is condensed 
by means of ice and the rest by means of solid C0 2 . 

The D and H in organic combination are liberated by combustion. 0*5-2 g. dry 
powder is usually mixed with copper oxide-quartz and burned in a quartz tube 
in a current of dry air. That part of the tube containing the organic material 
is heated slowly and cautiously but the vapours must pass through copper oxide 
at 900 c . Th*iair is dried by CaCl 2 and P 2 0 6 and supplied at the rate of about 
50 ml. per minute. 


( 1264 ) 



M ICRO-DETEllMINATI(>N OF l) 2 () 


1265 


In a few cases water distilled off, say from urine, must undergo an initial 
combustion to facilitate the final purification. 

This is done by blowing the vapour through a small combustion tube with 
copper oxide heated to about 9(H) 0 . 



I'ig. l. 


The routine purification which is sufficient in almost all cases is performed as 
follows: 

The water sample of 0*5-2 ml. is heated in a sealed ampoule of 4 ml. capacity 
with about 25 mg. of ]>ermariganate and 1 mg. of sodium peroxide to about 150", 
for not less than 1 hour. We use a small autoclave shown in Fig. 2 for the purpose*, 
and allow about 20 min. for raising the temperature, whilst the cooling to room 
temperature requires about 1 hour. Each ampoule is wrapped in filter-paper and 
a total number of S can be placed in a small porcelain dish. Almost all organic 
substances are destroyed by this treatment. Tt is of course essential that no 
substance should be present which can give rise to the liberation of D 2 0. 

The content of each ampoule is put into a pyrex distilling apparatus shown in 
Fig. 5 and distillations to dryness are repeated until t he specific gravity becomes 
constant. Usually four distillations are required. Heating is done by means of a 
small flame which is moved by hand. 

(2) The micro-pipette is shown in vertical section in Fig. 4. It is filled with 
mercury and the measuring device is the steel piston working from an adjustable 
stop (A) to a fixed one. The glass tubo (B) is fixed in the nut ((’) by de Khotinsky 
cement. The mercury column can be moved also by means of the screw in the top 
1) and be made to fill the pipette completely. This device is used to wash out the 
pipette whenever a fresh fluid is to be measured. Consecutive deliveries of water 
from this pipette agree in weight at least to within 0*01-0*02 mg. The size used 
by us is 45/il., but the pipette can be adjusted to any volume between 10 and 
100 fil 

Biocliem. 193fi xxx 
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(3) The water-bath is a battery jar 480 mm. high, 240 mm. broad and 440mm. 
long. The water is kept thoroughly mixed while it is cooled by tap water in a coil 



Fig. 4. 


of load tubing and heated by an electric bulb switched on and off by a thermostat 
arrangement. The variations in temperature should not exceed 0-001°. Once 
every few months the mercury contact should be cleaned with nitric acid to 
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maintain maximum sensitivity. It is essential that the temperature is main¬ 
tained slightly (about 1°) below that of the room. The water-bath should be 
sholterod against sunlight, strong radiant heat and draughts. 

In the bath is a stand of 10 stoppered glass tubes 450 mm. long and 10 mm. 
in diameter. Each contains a different mixture of bromobenzol with xylene. In 
the lightest mixture drops of pure H 2 0 delivered by the pipette will fall 9 cm. in 
about ,‘10 see. The others are adjusted to give nearly the same rate of fall for 0*5, 
1, 1*5, 2, 2-5 and 3% D 2 0 respectively. 

We have not found it possible to give definite instructions for the preparation 
of these mixtures. They art? kept in stoppered bottles and adjustod by trial in the 
tubes with solutions of known specific gravity. When not quite right they are 
poured back into the bottle and a small amount of either bromobenzol or xylene 
is added. About 4 g. dry Na 2 SG 4 are placed at the bottom of each tube to take up 
the water. 

The measurement is made as follows. 

The pijjette is washed out and filled with the solution. The tip is placed just 
below the surface in the tube which is expected to correspond to the solution and 
the piston raised. If the drop is slightly warmer than the fluid the heat given 
off will not cause any disturbance by convection further down whilst even a slight 
difference in the opposite direction completely spoils the determinations. The 
drop is released by lifting the tip just clear of the surface and allowed to fall 
through IS cm. before any measurement is made. We have arranged a stand with 
5 microscopes with a magnification of ,‘1-4 times at vertical distances of 90 mm. 
and use two stop-watches reading to 0*01 second. It is a very useful control on 
the temperature constancy and the absence of convection currents that the two 
readings on the same drop should agree within ± 0*02 sec. 

(4) We have, found it a little difficult to obtain stop-watches of sufficient ac¬ 
curacy and reliability and a chronograph would certainly be preferable. On the 
other hand the reading by means of microscopes is scarcely necessary. If the 
tubes were provided with circular marks at the appropriate distances reading by 
means of' a simple lens could be made just as accurate. 

All determinations are made as comparisons with solutions of known specific 
gravity, the falling rates of which are measured before and after that of the solu¬ 
tion under test. 

As standard solutions we use dilutions of concentrated I) 2 0 with freshly 
distilled II 2 0 prepared by means of syringe pipettes [Krogh, 1935]. 

The calculations are made as shown in the following example: 

Drop of 2-460% I) 2 0 in tube No. 6 falls 90 mm. in 28-30, 28-30, 28-28, 
28*30 sec.—mean 28-295. 

Drop of 2-952% D 2 0, 18-28, 18-26, 18-28, 18-30—mean 18-28. 

The difference of 10-015 sec. corresponds to 492 units or 1 unit to 0-02036 sec. 
When the fluid under test takes 23-00 sec. to fall its concentration will be 


2460+ 


2300 -18*28 
" 0*02036 


2645 units. 


Accuracy and, sources of error. 

The really dangerous source of error lies in the purification of the water samples 
for determination. The standard dilutions should be redistilled at least once a 
week, and whenever there is any doubt the experimental solutions are purified 
over again. To facilitate this samples should not be too small, less than 1 ml. 
being inconvenient. It is often necessary to dilute water obtained by combustion 
to obtain a sufficient quantity and the acuracy is of course reduced accordingly. 
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One important point is that D 2 0 solutions will enter into exchange with 
water vapour. They must therefore be carefully protected. When thoy are 
distilled in the way here recommended we have observed no change in standard 
water kept for a year and redistilled repeatedly. 

The primary standard solution has a specific gravity of 1*1049, 99*6% D a O 
as bought from the Norsk Hydro. We have compared the standard solutions 
originally prepared and determined by Hofer over a year ago and redistilled 
repeatedly with fresh dilutions made up by weight from the 99*0% D 2 (). 
Assuming these latter to be correct, the water assumed to be 49(5 was found to be 
498 and the water 2975 found to be 2973. 

The syringe pipettes used for making up the dilutions of the standard are 
accurate generally to 1 part in 10,000 and the errors in the dilutions arc therefore 
negligible. The errors on the size of the drop as delivered by the automatic 
pipette are also, we believe, too small to have any influence, being of the order 
of 1 in 5000 or less. The main source of error in the determination proper is in the 
rate of fall. We have been unable to get beyond 0*02 sec. on a distance of 90 mm. 
The difference in time corresponding to about 500 units is about 10 sec. so that 
the error corresponds to about 1 unit. We do not know whether the variations 
are real and due to temperature variations in the tubes or whether they are 
caused mainly by a personal error in tho observer or by imperfections in the 
stop-watches employed, but we suspect these latter to be mainly responsible. 

Wc give the following examples of results obtained: 

1. Dilutions of D 2 0 492 units 


0H./M II) 2 () 

Calculated 

492 

Found 

49 

Sir/) ) 21) s O 

98-4 

97 

7HjO +31),0 

147*6 

147 

6H.O + 4D.O 

196*8 

195 

r»H,0 + 61) s O 

246*0 

248 

•jHjO+eiy) 

:m,(N 7 D 2 u 

297*2 

294 

344*4 

341 

2H*(M 8D s O 

393-6 

393 

iH,o+9iy.> 

442*8 

440 


There is in this case a positive systematic difference of 1 *3 units and accidental 
variations of about ± 2 units. 

2. A similar series of dilutions of D 2 0 2975 with D 2 0 2483 gave 



Calculated 

Found 

2x2483 + 8x2975 

2876*6 

2875 

4x2483+6x2975 

2778*2 

2780 

6x2483+4x2975 

2679*8 

2679 

8x2483+2x2975 

2581*4 

2581 


3. A sample of egg albumin dissolved in about 3% D 2 0 was evaporated 
in a vacuum. The main portion of distillate was found to have a concentration of 
3076 units. The final 1 ml. gave 3081. The increase observed can be taken as due 
to fractionation. 

4. The egg albumin (dried completely at 108°) was burned with dry air in a 
quartz tube. The water produced was determined after dilution. 

On one dilution of 0*1824—1*186 g. the concentration was determined as 
190*6 units or for the undiluted sample 1240 units. 

A second combustion yielding 0*2066 g. diluted to 1*2103 gave 208*4 units or 
for the undiluted sample 1240 units. 
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5. Rat urino distilled off through a combustion tube and diluted gave 400 
units or for the undiluted 2550 units. The same urine purified by combustion but 
not diluted gave 2560 units. 

6. Water which had been in contact for hours with human skin proved 
exceptionally difficult to purify. One such sample carefully purified in the 
usual way gave 2895 units whilst the same sample after combustion gave 2894 
units showing that in this case the normal treatment was sufficient. 

Results on the exchange of hydrogen atoms between the water and the tissues 
of organisms will be published shortly in the Shandinavisches Archiv filr 
Physiologic .. 


Summary. 

Methods are described for obtaining water samples of 0-2-2 ml. by distillation 
or combustion, for purifying such samples without contamination, for measuring 
with a precision micro-pipette drops of any size between 04)1 and 0-1 ml. and 
for determining the 1) 2 () content of such drops by their rate of hill in an im¬ 
miscible fluid. 

The accuracy is 1 2 in the sixth decimal place of the specific gravity or about 
0*001 % of D 2 G. 
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By LEONARD IRVING PUGSLEY. 
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(Joss & Schmidt [1030] observed a marked loss of calcium from the calcium 
stores of the body of the rat during lactation. They did not separate the urine 
and faeces in their work, nor did they study the effect of weaning upon the 
excretion of calcium. It has been shown histologically by Selye [1934] and 
Jeffers 119315] that practically all the milk disappears from the mammary gland 
of the rat within 0-8 days after weaning, whilst on tin* second day after weaning 
the glands are quite distended with milk. Maedcr [11122] claims that the secre¬ 
tory activity of the mammary gland of the rat is not noticeably diminished 
until the third day after weaning. Weatherford [1929] observed a decrease in 
the secretory activity of the mammary gland after the tenth day of lactation. 
This corresponded to the peak of the growth period of the young and the eruption 
of teeth. Involution of the mammary gland occurred more readily after the 
fourteenth day of lactation. 

The present investigation was undertaken to study the effect of weaning 
upon the excretion of calcium in the urine of rats at different stages of lactation. 

M ethods. 

Adult female rats were obtained from the colony on the day of birth of the 
litter: the size of the litter was reduced to fi in number. The young were allowed 
to suckle the mother for a definite number of days and then weaned. The mother 
w r as plaeed in a Hopkins metabolism cage and the excretion of calcium in tin' 
urine determined for a period of 12 days. Urine was collected over a 2-day 
period. The whole specimen of urine was ashed on a heated sand-bath in the 
presence of concentrated nitric acid. The ash was dissolved in dilute hydro¬ 
chloric acid and made up to a definite volume and calcium Avas determined on 
a suitable aliquot by the micro-method of Clark & Collip [1925]. 

Results . 

The results are shown in Table I. The values are based on the average* 
excretion of 4 rats in each group. The first column shows the effect of parturition 
on the excretion of calcium in the urine. These rats were placed in the meta¬ 
bolism cages 6 days before delivery. It is seen that the excretion of calcium in 
the urine of these rats is very small, amounting to approximately 01 mg. per 
rat per day. No significant increase occurred as a result of parturition which took 
place on the sixth day. Furthermore, no increased excretion of calcium occurred 
in the urine of these rats as long as the mother was allowed to suckle the young. 
It was not feasible to follow the calcium excretion of these rats for a longer 
period, since the young were not satisfactorily looked after by the mother in 
the open metabolism cage without any nesting material. However, the excretion 
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Table I. The effect of weaning upon the excretion of calcium in the urine 

of lactating rats. 

(Expressed in mg. per rat per day; average of 4 rats.) 

Mammary 





Weaned 

Weaned 

Weaned 

Weaned 

Weaned 

glands 


Before 

Weaned 

after 

after 

after 

after 

after 

removed, 


and after 

at birth 

5 days’ 

10 days’ 

15 days’ 

20 days’ 

25 days’ 

10 days’ 

Days 

parturition 

of litter 

lactation 

lactation 

lactation 

lactation 

lactation 

lactation 

2 

0-12 

045 

0-56 

2-39 

248 

0*55 

0*53 

0*13 

4 

0*07 

0*35 

0-71 

6*74 

347 

1*69 

0*88 

0*04 

6 

0 03* 

004 

004 

005 

010 

010 

0*05 

0*08 

8 

006 

0-20 

0-07 

003 

0-05 

0*06 

0*05 

004 

10 

0-04 

0*14 

0-04 

0*02 

004 

008 

002 

009 

12 

Oil 

015 

0-05 

0-02 

005 

0*08 

0*04 

— 


* Day of parturition. 

of calcium in the urine of this group serves as a control for the other groups as 
it shows a low excretion of calcium in the urine during suckling. 

In the second column the effect of weaning at the birth of the litter is shown. 
It is seen that the calcium excretion in the urine is three to five times that found 
in the control group during the first 4 days. After this time, the urine calcium is 
quite within the limits of that found normally. When the young are allowed to 
suck for 5 days and then weaned, as shown in the third column, a slightly 
higher value is found for the first 4 days. When lactation is continued for 
10 or 15 days (columns 4 and 5) a very markedly increased excretion of calcium 
in the urine occurs. It is noted that the excretion is greater on the third and 
fourth dayB of weaning than on the first and second. Thereafter the calcium 
excretion is similar to the control values. When lactation is continued for 20-25 
days before weaning (columns 6 and 7), the values are decidedly lower than those 
found on the tenth and fifteenth days of lactation. The last column shows the 
results of removing all the mammary tissue of rats which had been lactating for 
10 days; no increase in calcium excretion in the urine was observed. This shows 
that the calcuria of weaning is due to resorption of the milk from the mammary 
gland. 

A group of 4 rats were weaned after 10 days’ lactation; on the third day of 
weaning the serum calcium showed a slight increase. The average value was 
12-2 mg./lOO ml,, whilst the value for non-lactating female rats was 10*4 mg./ 
100 ml. 

Discussion. 

The calcuria observed upon weaning lactating rats is of interest in that the 
animals do not appear capable of immediately restoring the depleted calcium 
supplies. (Joss & Schmidt [1930] found that they could markedly deplete the 
bones of calcium by repeated pregnancies in rats on a low-calcium diet. Similar 
results have been reported for cows. The calcuria observed under these circum¬ 
stances resembles the lactosuria observed by Brook and Hubbard [1935] and 
others in human subjects during the last month of pregnancy and for a time after 
parturition. The markedly increased excretion of calcium after 10 days’ lactation 
agrees with the observations of Weatherford [1929] in that this time appears to 
be the peak of the secretory activity of the mammary gland. Cox [1936] finds 
that he can obtain a greater yield of milk from rats which have been lactating 
for 12-14 days* 

An attempt was made to prolong the period of increased calcium excretion 
by the administration of the anterior pituitary hormone “prolactin However, 
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this treatment neither prolonged the period of ealcuria nor caused a greater 
increase in the calcium in the urine than was obtained normally in rats which 
had been lactating for 10 days. Selye et al. [1933] report that ovariectomy after 
26 days’ administration of the anterior pituitary-like hormone of the placenta 
initiates lactation in non-pregnant female rats. However, upon repetition of 
this experiment, no increase in excretion of calcium occurred, although slight 
evidence of milk was seen in the glands histologically. This negative result is 
undoubtedly due to the fact that it is very difficult to stimulate the mammary 
glands of the rat to a condition comparable with that found after parturition. 

Summary. 

The weaning of lactating rats causes an increased excretion of calcium in the 
urine which is maintained for 4 days. A gradual increase in the ealcuria was 
found from parturition until the tenth day of lactation; after this the calcium 
excretion was diminished. Removal of all mammary tissue from rats lactating 
for 10 days resulted in no increase in excretion of calcium. It is concluded that 
the ealcuria observed upon weaning lactating rats is due to the resorption of 
milk from the involuting mammary gland. 

The author wishes to express his sincere appreciation of the kind interest 
shown by Prof. J. B. Collip during the course of this investigation. 
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It has been shown by Pugsley [19321 that administration of parathyroid hormone 
to rats causes a marked increase in urinary calcium excretion. With daily 
injections, the peak of the excretion is reached on the 4th or Oth day; after this 
time a gradual decrease in the calcium excretion to the control level occurs. 
Morgan et al. [1934] claim that the gradual failure of response to parathyroid 
hormone is associated only with a low-calcium diet and low Ca : P ratio; such 
a diet was used in the above work. That diet is an important factor in the 
response obtained to parathyroid hormone has been shown by the work of 
Allardyee [1931] on dogs, and of Shelling et al. [1933] on rats. 

Schour & Rogoff [1936] have reported that the changes in the teeth following 
adrenalectomy in the rat are similar to those observed after administration of 
parathyroid hormone. They suggest a possible interrelationship between the 
parathyroid glands and the adrenals. It has been shown by Rubin & Krick 
[1933] that the loss of certain inorganic ions including calcium contributes to the 
development of the symptoms which follow adrenalectomy ill the rat, and that 
administration of these ions will prevent the onset of the symptoms. The various 
factors involved in adrenal insufficiency in the rat have been reviewed recently 
by Cleghom et al. [1936] and are outside the scope of this paj>er. 

A study has been made of the effect of parathyroid hormone upon the serum 
calcium and calcium excretion of normal and adrenalectomized rats maintained 
on a supplement of 1 % sodium chloride. Data are also included on the effect of 
parathyroid hormone on the calcium excretion and calcium balance of rats on an 
adequate calcium diet and a normal Ca : P ratio. 

Methods . 

The rats were kept in Hopkins’s metabolism cages and the urine and faeces 
collected separately. The collections were made over a 2-day period and the 
results are expressed in mg. Ca/rat/day. The analytical methods used in handling 
the excreta were similar to those described by Pugsley [1932]. The diet had the 
following composition: 3H % commeal, 31*1 % wheat flour, 2-1 % wheat germ, 
31*1 % Purina, 2*1 % brewer’s yeast, 2*2 % cod liver oil and 0-3 % sodium chloride. 
It contained 0-544 % Ca and 0*508 % P. 

The rats were adrenalectomized under ether anaesthesia. 1% NaCl was 
given as drinking fluid 10 days before the operation and continued throughout 
the experimental study. No difficulty was encountered in keeping the rats klive 
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with this treatment. Adult male rats 5-6 months old were used in this part 
of the work. Parathormone (Eli Lilly Company 1 ) was used in all the experiments. 
The dosage is expressed in Collip units. 

The effect of parathyroid hormone upon the excretion of calcium in flip 
urine of normal and adrenalectomized rats. 

The effect of 1 % NaCl upon the excretion of Ca in the urine of normal and 
adrenalectomized rats is shown in Fig. 1. The data for this chart are based on 
the average excretion of 10 rats in each group. The rats in the upper half of 



Fiji. J. I'pper chart: Tin* effect of I " 0 Xa('I as drinking fluid upon the excretion of (’a m the urine 
of normal and adrenalectomized rata. Adrenalectomized on the 8th da\. Lower chart: The 
effect of 5 units of parathyroid hormone daily upon the excretion ofC'a in the urine of normal 
rats receiving water as drinking fluid. Inject ions lK»gun on the 8th day and continued through¬ 
out experiment. 

the chart were placed on the NaCl 8 days before the operation and the urinary 
excretion of Ca followed. It is seen that the excretion is approximately 5-0 times 
that of the control rats receiving water (see first 8 days in lower part of chart). 
No significant difference in the Ca excretion in the urine is shown after adrenal¬ 
ectomy. The effect of 5 units of parathyroid hormone per day upon the excretion 
of Ca in the urine of normal rats is shown in the lower part of the chart. In¬ 
jections were started on the 8th day and continued throughout the experiment. 
The maximum excretion of calcium occurred on the 4th day of injection; after 
this the excretion gradually returned to the control level. 

Fig. 2 shows the offect of 5 units of parathyroid hormone daily upon the Ca 
excretion of normal rats (upper half of chart) receiving l % NaCl as drinking 
fluid. The rats were adrenalectomized on the 8th day and injections started on 
the 12th day. It is seen that the response is markedly increased (when compared 
with the normal rats shown in Fig. 1) and the adrenalectomized rats gave a 
greater response than the normal rats on 1 % NaCl. The additional effect on the 
Ca excretion cannot be attributed wholly to the NaCl, since over the 24-day 
period of injection the adrenalectomized rats excreted 22*0 mg. Ca and the 
normals 17*7 mg. Ca in the urine. This difference seems to indicate that adrenal¬ 
ectomized rats are more sensitive to the parathyroid hormone (Fig. 2). Over the 

1 The authors are indebted to the Eli Lilly Company, Indianapolis, for supplying the para¬ 
thormone for these experiments. 
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same period, normal rats receiving 5 units of parathyroid hormone per day and 
with water as drinking fluid excreted fi'4 mg. Ca, while the adrenalectomized 
rats on NaCl but no parathyroid hormone excreted 5-5 mg. Ca (Fig. 1). Thus it 
is seen that the substitution of 1 % NaCl for water renders rats more sensitive 
to the parathyroid hormone, and adrenalectomy appears to enhance this effect. 
In a similar experiment, in which adrenalectomized rats received 10 units of 



f f Day* 


Kig. 2. Upper chart : The effect of f> units of parathyroid hormone daily upon the excretion of 
C-ft in the urine of normal rata receiving 1 ° 0 NaCl an drinking fluid. Note increased response 
as compared with Fig. 1. Lower chart: The effect of 5 units of parathyroid hormone daily 
upon the excretion of Ca in the urine of adrenalectomized rats receiving 1° 0 NaCl drinking 
fluid. Rats adrenalectomized on 8th day and injections begun on 1-th day. Note greater 
response of adrenalectomized rats. 

parathyroid hormone daily and 1 % NaCl as drinking fluid, they excreted 
37-7 mg. Ca in the urine over a period of 24 days. The maximum excretion 
occurred on the 4th day and amounted to 7-6 mg. Ca. This is a larger excretion 
of Ca in the urine than was ever obtained by the administration of 40 units of 
parathyroid hormone daily to normal rats with water as drinking fluid. 

The effect of parathyroid hormone upon the serum calcium of normal and 
adrenalectomized, rats . 

This experiment was carried out similarly to the one described above. The 
hormone was injected daily and the blood obtained 12 hours after the injection 
by cutting the carotid artery and jugular vein and allowing the blood to flow 
into a centrifuge-tube. Ca was determined in the serum by the method of Clark 
& Collip [1925]. 

Table I, col. 2, shows the effect of £0 units of parathyroid hormone daily on 
the serum Ca of normal rats receiving water. It is seen that the maximum on 
the 4th day of injection is 14*2 mg./lOO ml. Col. 3 shows the response of adrenal¬ 
ectomized rats receiving 1 % NaCl. The maximum here is 17*6 mg./IOO ml. on 
the 3rd day of injection and 17*0 mg./IOO ml. on the 4th day. The figures in the 
brackets refer to the number of determinations, and the average serum Ca of the 
group is taken. These ra ts, on the 3rd and 4th days of injection, showed symptoms 
of overdosage somewhat similar to those manifested in the dog. AU of them 
showed Hyperaemie areas in the stomach and caecum. In two cases there was 
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Table I. The effect of daily injections of parathyroid hormone upon the 
# serum calcium of normal and adrenalectomized rats. 


Expressed in zug./lOO ml. 


Days 

Normal 

20 units 

Adrenalccto- 
mized +1 ° 0 XaCl 

20 units 

Normal 

1°„ XaCl 

3 units 

Adrcnalecto- 
mized - 4 - 1 NaCl 
3 units 

Control 

10-3 (40) 

10-6 (9) 

10-8 (4) 

10-0 (4) 

I 

H-3 (3) 

12-2 (2) 

— 

— 

2 

13-5 (3) 

14*2 (3) 

12*2 (4) 

12*7 (4) 

3 

13f> (3) 

17-0 (3) 

12*4 (4) 

13*2 (4) 

4 

14*2 (4) 

17*0 (A) 

12*4 (4) 

13-2 (4) 


marked congestion of the alimentary tract and the presence of blood in stomach 
and intestines was noted. The condition of the stomach and intestines resembled 
that described by Collip [1926] as occurring in the dog when lethal amounts of 
parathyroid hormone were given. Normal rats receiving water tolerate 20 units 
of parathyroid hormone daily without any ill effects, and it is not until the 
dosage is raised to 40 units per day that ill effects occur, but oven then the 
haemorrhagic condition of the stomach and intestines was not seen. Cols. 4 
and 5 show the effect of 5 units of parathyroid hormone daily upon the serum Ca 
of normal and adrenalectomized rats receiving 1 % XaCl as drinking fluid. The 
serum Ca response is slightly greater in the adrenalectomized rats. 


The effect of continued in jections of parathyroid hormone upon the calcium 
excretion and calcium balance of normal rats . 

The rats used in this experiment consisted of a litter of eight. They were 
weaned at 24 days of age, placed in the metabolism cages and the Ca excretion 
and balance followed for 104 days. 4 rats in the group were kept as controls and 



Fig. 3. The effect of continued injections of parathyroid hormone upon Ca excretion and Ca 
balance of young rata on an adequate Ca diet. Amount of hormone injected daily indicated 
by values below arrows. Continuous line---injected rats; broken line - control rats. 


the other 4 were injected continuously with increasing amounts of the hormone 
as indicated in Fig. 3. Apart from the increase in urinary Ca which occurred during 
the first injections of the hormone, no essential difference can be detected between 
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the two groups of rats. The Ca balance curves of the control rats (broken line) 
and the injected rats (solid line) follow each other very closely. The increase in 
urinary Oa due to the injections of the hormone does not alter the marked positive 
balance of these growing rats, since an increased excretion of l-0-1-5 mg. Ca is 
insignificant in calculating a positive balance of 40—45 mg. No increased ex¬ 
cretion of Ca in the faeces was found with this dosage of the hormone. An 
interesting relationship between the growth curves and the Ca balance curves is 
shown in this experiment. The rats have the greater positive balance of Ca during 
the period of rapid growth and as the growth curve flattens out the Ca balance 
becomes less positive. The decrease in the Ca balance is brought about by an 
increased excretion of Ca in the faeces. 

These results show that rats become refractor}^ to a given dose of para¬ 
thyroid hormone when placed on an adequate Ca diet with a normal Ca : P 
ratio. 

Discussion. 

The substitution of 1 % NaCl for water as drinking fluid and the resulting 
increased Ca excretion is possibly connected with the diuresis which takes place. 
This increased excretion of Ca is similar to that obtained by the administration 
of ammonium chloride to rats [Pugsley & Anderson, 1934]. The enhancement of 
the response to parathyroid hormone of adrenalectomized rats is of interest in 
view of the results of Schour & Rogoff [1936]. Our experiments indicate that Ca 
is more readily mobilized from the bones after adrenalectomy. 

The results shown in Fig. 3 support the previous findings of Pugsley [1932] 
that daily injections of parathyroid hormone in the rat lead to an increased 
urinary excretion of Ca which gradually decreases to the control level in spite of 
continued injections. They are not in line with the suggestion of Morgan et al. 
[1934] that the gradual failure of response was due to tho low-Ca diet which 
was used. These rats became refractory to the hormone, showing the same 
positive balance as the control rats. A low-Ca diet may be a contributing factor 
to the gradual decrease in response to continued injections of parathyroid 
hormone, since the rats used in these experiments on the high-Ca diet did not 
become resistant to the hormone as soon as the nits reported on the low-Ca 
diet. However, other factors discussed by Thomson & Collip [1932] play a role 
in the gradual decrease in response to continued injections of parathyroid hor¬ 
mone. 

Summary. 

The substitution of 1 % NaCl for water as drinking fluid renders rats more 
sensitive to parathyroid hormone. Adrenalectomized rats maintained on 
1 % NaCl show a greater increase in serum Ca and Ca excretion after injection of 
parathyroid hormone than normal rats under the same conditions. A haemor¬ 
rhagic condition of the stomach and intestine was produced in adrenalectomized 
rats by the daily administration of 20 units of parathyroid hormone. 

The Ca excretion and Ca balance of young rats on an adequate-Ca diot was 
followed. With continued injections of parathyroid hormone, these rats showed 
the typical increase in Ca excretion in the urine, which gradually decreased to 
the normal level. 



PARATHORMONE AND ADRENALECTOMY 


1279 


REFERENCES. 

Allardvoe (1931). Artier ../. Physiol. 98, 417. 

Clark & Collip (1925). J. hud. ('hew. 63, 461. 

Clejjhorn, Clejihorn, Forester & Me Vicar (1936). ./. Physiol. 86, 229. 
Collip (1926). The Harvey Led ares. 

Morgan, Kitnmcl, Thomas & Samischi (1934). ./. had. Chew. 106, 531. 
Pulley (1932). J. Physiol. 76. 315. 

-& Anderson (1934). Biorhem ../. 28, 754. 

Rubin & Knck (1933). Proc. Sor. Exp. Biol ., X .} 31, 22S. 

Sehonr & RojrolT (1936). Seienre, 83, 207. 

Shelling, Ascher & Jackson (1933). Johns Hopk. Hosp. Bull. 53, 458. 
Thomson &• Collip (1932). Physiol. lUv. 12, 309. 



CLXXXIV. THE ROLE OF VITAMIN C IN ANIMALS 
RESISTANT TO SCURVY: EFFECTS OF 
INSULIN AND ADRENALINE. 

By KAMEL MIKHAIL DAOUD and 
MOHAMMED ABDEL SALAM EL AYYADI. 

From the Biochemical Laboratory , Physiology Department, 

Facility of Medicine , Cairo , Egypt . 

(Received 13 March 1936.) 

The recent knowledge of the relation between vitamin 0 and the carbohydrate 
group of substances made it of interest to investigate any effect, on that vitamin, 
of substances such as insulin and adrenaline which have an influence on the 
storage, mobilization or utilization of carbohydrates in the animal body. Such 
an investigation necessitates the comparison of the amounts of the vitamin 
in the chief organs which contain it as well as the amounts excreted by animals 
before and after the administration of the substances. 

It is well known that animals are divided into two classes, those affected by 
the deficiency of the vitamin in the diet and those which can withstand the 
deficiency. It is questionable which of the two classes will give more fruitful 
results under the conditions of the investigation. Among animals of the second 
class are rats, and it has been suggested by Parsons [1920], Parsons & Hutton 
[1924], Lepkovsky & Nelson [1924], and Parsons & Reynolds [1924] that the 
capacity of the rat for living without vitamin C may be due to the fact that these 
animals can synthesize it. Since it is aimed to include in this work a study of 
the possible influence of the substances above mentioned on the synthesis of 
vitamin C from precursors in the body, it was thought preferable to use animals 
which can synthesize the vitamin. 

It is obvious that, unless the amounts of vitamin excreted and stored by 
such animals are controlled before the administration of the drugs, no reliable 
results can be obtained. At the same time an exact knowledge of the role of 
vitamin C in animals which are non-susceptible to scurvy when kept on a 
scorbutic diet is at present lacking. It was, therefore, planned to start the 
present investigation by the study of the storage and excretion of the vitamin 
in rats kept on an ordinary mixed diet and on a scorbutic diet for different 
periods, hoping at the same time to determine the best conditions for attaining 
instructive results about the influence of adrenaline and insulin on that vitamin. 

• 

Experimental procedure. 

Certain organs and glands of animals, in general, contain vitamin C in 
higher concentration than most other tissues. The suprarenals and the liver 
have repeatedly been shown to be rich in the vitamin; further, the work of 
McCarrison [1919] shows that the suprarenals have a special physiological 
connexion with the vitamin. Although the concentration of the vitamin in the 
liver is smaller than in the suprarenals, yet, by virtue of the large bulk of the 
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former its total oontent is far greater than that of the latter. The procedure 
adopted in this investigation is confined to the determination of the vitamin C 
content of the suprarenals, liver and the 24 hours’ urine under different con¬ 
ditions. The method applied for the estimation of the vitamin in the organs and 
in the urine is the modification made by Emmerie & Van Eekelen [1934] of the 
methods of Birch et al. [1933J and Tillmans et al. [1932], which includes the 
removal of the substances interfering with the titration with 2:6-dichlorophenol- 
indophenol by mercuric acetate followed by reducing the portion present in the 
oxidized form by hydrogen sulphide and titrating the total vitamin, in the 
reduced form, by means of a solution of the indicator standardized against a 
solution of pure ascorbic acid. The determination of the total vitamin, both 
oxidized and reduced, gives more accurate information, as it is possible that a 
portion of the reduced form undergoes oxidation during extraction from the 
organs or in the urine on standing, and, as has been shown by Tillmans el al. 
[1932] and by Hirst & Zilva [1933), the reversibly oxidized form of ascorbic 
acid has a similar activity to the reduced form. 

Working with rats, however, presents certain difficulties. The suprarenals 
of a rat are too small to give, after the different manipulations involved in the 
above method, a sufficient volume of an extract of a reasonable concentration 
for the purpose of determination, but this difficulty was surmounted by using 
the four suprarenals obtained from 2 rats for each experiment and by modifying, 
by means of preliminary experiment*, the proportions of the reagents to be 
used and the procedure to be adopted. All the rats used for the experiments 
were males taken from a stock which had been bred in the laboratory for many 
generations; the age difference did not exceed 7 days and the difference in weight 
between the animals did not exceed 10 g. They were kept and treated in exactly 
the same manner before being used for the experiments. After killing the animals 
by cutting the spinal cord, the four suprarenals w f ere rapidly removed and pre¬ 
pared for the estimation of the vitamin. 

In the case of the liver, the two livers obtained from the 2 rats were used for 
the extraction and determination of the vitamin. 

The greater difficulty was met with in the case of the determination of the 
vitamin in the 24 hours’ urine, as some factors interfere with the results. The first 
factor is the inexactness of the volume of 24 hours’ urine due to varying amounts 
remaining in the bladder at the close of the period, but such an error is minimized 
by conducting a number of experiments and prolonging the time of observation 
under the same conditions whenever possible.The second factor is that the urine 
voided by rats may sometimes be alkaline or may turn so later, thus causing 
instability of the vitamin on standing. This difficulty was overcome by placing 
a measured volume of 20 % acetic acid in the receivers and allowing for that 
volume in the calculations. The third factor is the change which the vitamin 
undergoes on standing. This factor is also minimized by acetic acid; but it has 
been found that ascorbic acid, even in acid medium, undergoes two sorts of change 
to a slight extent; one is reversible oxidation and the other is apparently destruc¬ 
tion. Since the method of reduction before estimation w r as adopted, the oxidation 
did not matter. As regards the destruction, this w r as determined under the same 
conditions as were adopted for the collection of urine from the animals and was 
found not to exceed 14 % at various air temperatures. It may be remarked that 
in the case of collection from rats the total destruction will be less than this, since 
the urine is voided at different intervals and therefore the time which elapses 
before the estimation is made is actually less than 24 hours for a considerable 
bulk of the urine. It has also been found that, even if the destruction amounts 
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to 14 %, it does not seriously affect the interpretation of the results. Neverthe¬ 
less, only limits of variations in a number of experiments, performed in the same 
manner and extended over long periods whenever possible, have been taken 
into consideration in the interpretation of the results. 


Observations on vitamin C of the suprarenals and liver of rats . 

A large number of rats weighing 220-230 g. and chosen as previously in¬ 
dicated were placed on the scurvy-producing diet recommended by Hassan & 
Basili [1932]. All rats kept on that diet gained in weight at the rate of 4-5 g. 
per rat per week. The vitamin contents of four suprarenals and two livers taken 
from 2 rats, which were killed at the same time and were chosen of exactly the 
same weight at the time of killing, were determined after different periods on 
the scorbutic diet. Similar rats to those used for each experiment but kept on 
ordinary mixed diet were also used for the determination of the vitamin contents 
of the same organs. The diet used for the latter animals was composed of equal 
amounts of bread, fresh clover and milk. The bread and clover were minced 
together and the milk was then added. This diet will be referred to in the text as 
ordinary diet. Table 1 gives the data obtained for the rats kept on the scorbutic 
diet for different periods. 

It will be noticed that the total content of vitamin of the livers and of the 
suprarenals does not undergo any change up to 3 months, but, whilst the con¬ 
centration of the vitamin, calculated in mg. per g., is almost constant in the 
livers, it shows considerable variations in the suprarenals. The gradual increase 
in the body weight of the rats, which amounts to 4-5 g. per rat per week during 
the 90 days on the scorbutic diet, has no effect on the vitamin content of the 
organs. 

Table I. 


Period on 

Vitamin per 

Total vitamin in 

Vitamin per 

Total vitamin 

scorbutic diet 

g. suprarenals 

4 suprarenals 

g. liver 

in two livers 

days 

mg. 

mg. 

mg. 

mg. 

3 

4*60 

0-23 

0*24 

3-54 

6 

3-92 

0-22 

0-24 

3-66 

9 

2*27 

0-24 

0-22 

3-39 

13 

218 

0-20 

0-23 

3-52 

38 

2-27 

0*23 

0-23 

3-72 

23 

2-36 

0-22 

0-22 

3-52 

28 

2*63 

0-21 

0-24 

3-72 

35 

2-87 

0-20 

0-23 

3-70 

45 

3-61 

0-22 

0-20 

3-37 

55 

3*39 . 

0-20 

019 

3-29 

63 

4*60 

0-23 

0-20 

3-56 

75 

4-58 

0-21 

0-19 

3-64 

90 

4-22 

0*23 

0-21 

3-66 

Limits 

218-4-60 

0-20-0-24 

0-19-0-24 

3-29-3-72 


The variations noticed in the concentration in the case of the suprarenals 
are ascribed to changes in the weights of these organs at different periods. It 
was observed that the suprarenals show a considerable increase in size and in 
weight between the 6th and 9th days up to the 28th day on the scorbutic diet. 
This is clearly indicated by comparing the concentrations of the vitamin in the 
suprarenals during the different periods (column 2, Table I). It may be remarked 
that this increase in the weight of the suprarenals is not in proportion to the 
body weight; this is evident from the comparison of the weights of the supra¬ 
renals during the different periods on a scorbutic diet with each other and with 
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the weight of those of rats of the same weight but kept on the ordinary diet 
(columns 1 & 4, Table JI). All weights are expressed in mg. per g. of body 
weight for the purpose of eliminating the factor which might be introduced by 
the latter in the comparison during the different periods, since the rats gradually 
increase in weight. 

Table II. 

lints on senvhutie diet Nats on oidinary diet 


Suprareiials jut 
g. body wright 
ill is. 

Vitamin m 

4 supra ion a Is 
imr. 

Vitamin in 
two livers 
mg. 

Suprarenal* per 
g. body weight 
mg. 

Vitamin in 

4 suprarenals 
mg. 

Vitamin in 
two liveis 
mg. 

OlJO-O-124 
(I -6 days) 

— 




— 

(between 0 and 0 
up to 28 days) 

0*20-024 

3-20-3*72 

0-113-0*124 

0*10-0-23 

3*00-3*74 

O 118 0122 

— 

— 

— 

— 

— 


(28 DO days) 


In view of the observation of MeCarrison [ 11)19) that the suprarenal^ of 
guinea-pigs in seurvv show an increase in size and in weight, the occurrence of 
this increase in the case of rats on a scorbutic diet was repeatedly confirmed. It 
extends only over a certain period and is greater about the beginning than at the 
close of the period. The nature of this increase* is still under investigation, but 
it can he. said at present that it does not appear to be a hypertrophy due to 
increase* in the synthesis of the vitamin by these organs. 

Table II gives a comparison of tin* total content of the vitamin in the supra - 
renals and livers of rats kept on a scorbutic diet for different periods with the 
vitamin contents of similar rats kept on the ordinary diet. The experiments show 
that the contents in the latter case arc practically constant, regardless of the 
gradual increment of the weight of the animals, and that these contents do not 
alter in magnitude in rats kept on a scorbutic diet up to 90 days. 

Vitamin C in the urine . 

Rats of the same age and weight were placed on the ordinary diet. Every 
pair was placed in a Hopkins metabolism cage and the amount of food consumed 
by the pair in 24 hours was determined for some days. Every pair was then given 
an amount of the diet which would be completely consumed in 24 hours without 
causing inanition. After 1 week on the fixed amount of the diet, the urine was 
collected daily for the determination of the vitamin excretion in 24 hours. Five 
experiments were performed* in this manner and the determinations were ex¬ 
tended in each case for 15 days. After the close of this period, the diet was re¬ 
placed by the scorbutic diet and the determinations were continued for 90 days. 
For the sake of brevity the results of the five experiments are represented in 
Fig. 1 where the limits of variation in the excretion of the vitamin per rat in 
24 hours on the two diets for different periods are given. 

The results show that in every ease the excretion is variable. Taking the 
limits of variation into consideration, however, it is noticeable that, after the 
replacement of the ordinary diet by the scorbutic diet, there is a rapid fall in the 
vitamin C excretion which, in 48 hours, becomes less than half its previous value: 
thus, while the limits of variation in the excretion on the ordinary diet, are from 
0-85 to 1-22 mg. per rat per 24 hours, the limits from the 2nd to the 9th day on 
the scorbutic diet are from 0-34 to 0-55 mg. After the 9th day on the scorbutic 
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diet there is a somewhat gradual increase in the excretion; thus, during the next 
6 days the limits are from 0*55 to 0*825 mg. per rat per 24 hours. From the 
16th to the 90th day the limits are from 0*60 to 1*08 mg., approaching on some 


Scorbutic dim 



0 -.-.-,- L 

15 9 6 16-90 -► 

Periods in days 
Pip. 1. 

occasions the higher limit of excretion reached in the case of the ordinary diet ; 
the level of excretion during this period is generally lower than in the case of the 
ordinary diet. 

Effect of insulin on storage and excretion of vitamin G. 

The above experiments show that the vitamin C content of the suprarenals 
and livers of rats is constant whether these animals are kept on ordinary mixed 
diet or on a scorbutic diet for different periods, whilst the excretion in the urine 
shows variations, the limits of which under the different circumstances are 
known in each case. It was, therefore, thought advisable to administer the 
insulin to rats which had been kept on a scorbutic diet for more than 16 days so 
that the variations in the excretion would have attained certain limits. All the 
rats used were kept on the scorbutic diet for months or more. The question 
also arose whether to give or to withhold the diet after the insulin injections. It 
is well known that insulin causes the animals to ingest more food if diet is 
allowed and hence a new factor, which could not previously be accounted for, 
would be introduced. It was, therefore, preferred to withhold the food during 
the 24 hours following the insulin injection. It then became necessary to deter¬ 
mine the influence of withholding the diet for 24 hours on the vitamin content of 
the suprarenals and of the liver as well as on the amount excreted in the urine of 
rats previously kept on the scorbutic diet for the period indicated. The influence 
of insulin was also tried in some cases when diet was given. 

A comparison of the vitamin contents of four suprarenals and two livers of 
2 rats when starved for 24 hours with the usual content of these organs of two 
animals which were allowed to feed till the time of killing is given in Taftle III. 
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Exp. 

1 

2 


Table III. 

Starved for 24 hours 


Diet allowed 


Total vitamin in Total vitamin in 
4 suprarenale two livers 
mg. mg. 


0-22 :ir>6 

0-21 3-49 


e - 

Total vitamin in 
4 suprarenale 
mg. 

0-20 

0*24 


Total vitamin in 
two livers 
mg. 

3-29 

3-72 


While starvation for 24 hours docs not alter the vitamin G content of the 
suprarenals or of the livers it has a rather unexpected effect on the amount 
excreted in the 24 hours' urine. Thus while the amount excreted in 24 hours 
usually varies from 0-00 to 1*08 mg. per rat and never exceeds the higher limit, 
during starvation for 24 hours the limits of variations are from 1*10 to 1-35 mg. 
per rat, i.e. the excretion always rises (frequently to about 23 %) above the usual 
higher limit. 

The results of the four experiments, graphically represented in Fig. 2, give 
strong support to this observation. 8 rats, previously kept on the scorbutic 
diet for about 21 months, were placed in metabolism cages—one pair in each 
cage—and the scorbutic diet was continued. The vitamin excretion was deter¬ 
mined and was found to be within the usual limits. The pairs were alternately 
deprivod of the diet lor 24 hours. The arrows indicate when the diet was stopped 
for 24 hours and each graph represents the excretion of one pair. 



It was next found that 4 units of insulin when injected into rats of 270-27o g. 
caused convulsions after about 10 or 11 hours and then death. Three units also 
caused similar effects, but a little later. The susceptibility to insulin was found 
to be the same whether the animals were previously kept on a scorbutic diet or 
on an ordinary diet. It was found that 2 units of insulin could be safely admini¬ 
stered to rats of the above-mentioned weight when no diet was given. 

Each pair of rats of the same age and weight, which had been kept on the 
scorbutic diet for about 2\ months, was placed in .a metabolism cage. They were 
allowed to feed and the amount of the vitamin in the 24 hours’ urine was deter¬ 
mined daily in order to make sure that the excretion of these particular animals 
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was within the usual limits. No abnormality was observed in any of the experi¬ 
ments. On the morning of one day 2 units of insulin were injected into each rat 
and no diet was given. After 23 hours, i.e. 1 hour before the rats were killed, 
3 more units were injected into each rat. At the close of the 24 hours the rats 
were killed and the vitamin C contents of the suprarenals, liver and 24 hours' 
urine were determined. Since the contents of the organs were proved not to be 
altered by fasting for 24 hours, their content after the administration of insulin 
is compared with the usual content. The excretion in urine, however, is compared 
with the excretion of similar rats when fasted for 24 hours (Table IV). 


Exp. 

Vitamin in 4 suprarenals 
mg. 

.._ .. > . ..... 

Table IV. 

V itamin in two livers 
mg. * 

Vitamin excreted per 
rat in 24 hours 
mg. 


t \ 


Fasting and 

Fasting ami 


Insulin No insulin 

Insulin No insulin 

insulin 

po insulin 

1 

0*20 

5-40 

1*20 


2 

0*21 

.voi 

0-98 


3 

0*20 0-20-0-24 

5-32 3-29-3-72 

115 

M0-1-35 

4 

0*22 

5-43 

1*25 


5 

0-21 

514 

1*09 



The vitamin C content of the stiprarenals does not change, on the other 
hand the content of the liver undergoes a remarkable increase, under the influence 
of insulin. This increase may possibly be due to an increased deposition of the 
vitamin in the liver at the expense of the content of other organs or to an 
increased synthesis by the liver, but, as it is not likely that the organs would 
contribute sufficient to cause this considerable rise in the content of the liver and 
at the same time keep the amount excreted in urine at a maximum, and further 
as it is found that there is no contribution by the suprarenal, one of the organs 
which contain the vitamin, the view of an increased synthesis is favoured. 

As regards the vitamin C content of the urine, the limits of excretion after 
insulin administration and fasting for 24 hours are within the limits of excretion 
of animals simply fasted for 24 hours or just a little less. 

The effect of insulin was also tried on rats while diet was given. Each pair 
of rats was placed in a metabolism cage and the scorbutic diet was provided. 
The amount of vitamin excreted by these particular animals in 24 hours before', 
the administration of insulin was determined. No abnormality was again noticed. 
Each rat was then daily injected with 4 units of insulin for 4 consecutive days, 
the diet being still given. The vitamin excreted was determined daily and on 
the 5th day the rats were killed for the determination of the vitamin in the 
suprarenals and livers. 

The vitamin contents of four suprarenals and two livers were 0*21-0*23 and 
3*50-3*58 mg. respectively. The amount excreted per day during the 4 days of 
insulin injections was 1*00-1*08 mg. per rat. This indicates that there was no 
change in the content of either the suprarenals or liver but the amount excreted 
in 24 hours was always within the limits of excretion in the case of animals 
injected with insulin and fasted for 24 hours. Since the diet is given there is no 
explanation for the continued high level of excretion other than the assumption 
of an increased synthesis. 
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Effect of adrenaline on storage and excretion of vitamin C. 

Bezndk & Hariss [1934] tried the effect of adrenaline perfusion on the ascorbic 
acid content of the left suprarenals of cats, whilst the right glands were removed 
as normal controls. They found in three out of four cases that there was a decrease 
of about 20% of ascorbic acid in the perfused glands, but since in one case a 
decrease of the same order of magnitude was found in the right suprarenal, they 
came to the conclusion that perfusion with adrenaline caused no change in the 
ascorbic acid content. Their conclusion is contradictory to the finding of Euler 
[1933] that adrenaline injections cause the ascorbic acid to be liberated into 
the blood. Perfusion of the liver of guinea-pigs, previously saturated with 
ascorbic acid, also caused no change in the content of these organs. 

In the present investigation, rats which had been kept on the scorbutic diet 
for about 2\ months were placed, in pairs, in metabolism cages. All rats were of 
the same age and of a weight 275-280 g. They were given the scorbutic diet 
and the amount of the vitamin was determined in the 24 hours’ urine. No abnor¬ 
mality in the vitamin excretion by the particular animals used for the experi¬ 
ments was found.. Each rat was then injected with 0-1 ml. of 1/1000 adrenaline 
hydrochloride solution and no diet was given for the next 24 hours. At the close 
of that period the pair of rats was killed and the vitamin 0 contents of the 
four suprarenals, of the two livers and of the 24 hours’ urine collected wen? 
determined (Table V). 

It can be concluded that adrenaline does not alter the vitamin C content of 
the suprarenals or of the liver. As regards the amount excreted in urine it can 
be seen that the administration of adrenaline when the diet is withheld for the 
24 hours following the injection causes a remarkable fall below the limits of 
excretion of similar animals when simply fasted for 24 hours. 


Table V. 


Vitamin in 4 suprarenals 
Exp. mg. 


Vitamin in two livers 
mg. 


Vitamin exereted per 
rat in 24 hours 
mg. 






Fasting and 

Fasting and 


Adrenaline 

No adrenaline Adrenaline 

No adrenaline 

adrenaline 

no adrenaline 

1 

0-23 

3-50 


0-38 


2 

0-22 

3-72 


0-44 


3 

0-20 

0-20-0-24 3-69 

3-29-3-72 

0-60 

M0-1-ft) 

4 

0-21 

3-67 


o-r »2 


5 

0-22 

3-71 


0-36 



Adrenaline is well known to cause glycogenolysis, hyperglyeaemia and 
glycosuria, but it was repeatedly noticed that the urine of rats previously kept 
for 2 J-3 months on the scorbutic diet does not contain sugar after the adrenaline 
injections. At first it was thought that either the dose was not sufficiently high 
to cause glycosuria or the preparations of adrenaline used were not sufficiently 
potent. These possibilities were eliminated by taking a number of rats of 
practically the same weight, 275-280 g., some of which had been previously 
kept on the scorbutic diet for the period above mentioned and some on the 
ordinary diet. Each rat was injected with 0-1 ml. of the same 1/1000 adrenaline 
hydrochloride solution, and no diet was given after the injections. Samples of 
24 hours’ urine were separately collected from each rat. It was again found that 
the urines of rats previously kept on the ordinary diet gave, with no exception, 
a strong reduction with Fehling’s solution, whilst the urines of those kept on the 
scorbutic diet gave no reduction at all in the majority of cases, or a very slight 
Biochem. 1936 xxx 83 
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reduction only in few cases. The occurrence of this very slight reduction may, at 
least partly, be ascribed to the possibility that some of the rats had a portion of 
the diet a shorter time before the injections than others, since it became much 
less frequent when the following procedure for feeding was adopted. On the morn¬ 
ing of one day no diet was given to both batches of animals. The corresponding 
diets were given for 1 hour from 3 to 4 p.m. on the same day in order to insure 
simultaneous feeding of all the animals. On the second morning the rats were 
injected with adrenaline and were left with no food for the 24 hours following 
the injections. Under these conditions the urines of rats previously kept on the 
ordinary diet still showed considerable reduction of Fehling’s solution after the 
adrenaline administration. 

It was thought that a smaller store of carbohydrate in the body of animals 
previously kept on the scorbutic diet might be a factor in determining the 
difference in behaviour. It has been found, however, that the liver glycogen of 
both sets of animals was of the same order of magnitude at the close of the period 
usually preceding the adrenaline injections. 

A difference which the two different diets might produce in the role of the 
adrenaline of the body was thought of as another possibility which might 
determine the difference between the behaviours of animals towards the injected 
adrenaline. If this is the case, the injection of equal amounts of adrenaline into 
animals which are otherwise under the same conditions but upon the different 
diets will cause a difference in the resultant total adrenaline which leads to a 
difference in the extent of glycogenolysis and of glycosuria in the two cases. 

It may be remarked that the amount of adrenaline injected into rats in the 
two cases is about one and a half times as much as the normal total load of 
adrenaline of the two suprarenals and therefore a slight difference in the body 
adrenaline would not account for the marked glycosuria occurring in the case of 
animals previously kept on the ordinary diet and not in the others after the 
adrenaline injection. Nevertheless the adrenaline (mg, per g.) of the two supra¬ 
renals of rats kept on the scorbutic diet for 2 £-3 months and of those kept on 
the ordinary diet was determined and was found to be the same; 1-890 mg. for 
those previously kept on the scorbutic diet and 1-892 mg. for those previously 
kept on the ordinary diet. 

The following experiments prove beyond doubt that the difference in be¬ 
haviour towards adrenaline is determined by the sort of diet given before the 
injections and is due to vitamin C in particular provided that the other experimen¬ 
tal conditions are the same. Four groups of rats of the same age and weight were 
chosen. The first three were previously kept on the scorbutic diet for the period 
indicated, the fourth was kept on the ordinary diet. All continued to receive 
the respective diets. Group II was injected with 7 mg. of ascorbic acid per rat 
per day for 3 days before the adrenaline injections. Group III was treated like 
II but the ascorbic acid was added to the diet. On the day before the adrenaline 
injections the conditions for feeding already described were followed. All groups 
were injected with adrenaline hydfochloride (0-1 mg. per rat of 280 g.). The 
administration of ascorbic acid was stopped on the day adrenaline was injected. 
Examination of the 24 hours' urine following adrenaline injections showed no 
reduction of Fehhng’s solution in I, a marked reduction in IV, more reduction 
in III and a large reduction in II. Further, the reducing substances in terms of 
glucose in the 24 hours’ urine per rat were determined by the method of Shaffer 
& Hartmann [1920} and the types of urinary osazones were examined under 
the different conditions (Table VI). This result, firstly, affords further evidence 
that no glycosuria is caused by adrenaline in the case of group I but a marked 
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one in the other cases; secondly, that the increased reduction after adrenaline 
when ascorbic acid had been injected or given by mouth is due to glycosuria 
and not simply due to the ascorbic acid itself being excreted in the urine; thirdly, 
that ascorbic acid administration is not capable by itself of producing glycosuria. 


Table VI. 

Glucose equivalent of reduction 

in urine (mg.) Type of urinary osazone 


Group 

Before 

After 

Before 

After 

adrenaline 

adrenaline 

adrenaline 

adrenaline 

1 

9-12 

10-14 

N.M. 

N.M. 

II 

11-10* 

53-60 

ft 

N.M. and T.G.C. + + + 

in 

10-14* 

37-44 

ft 

N.M. and T.G.C. + + 

IV 

11-15 

24-29 


N.M. and T.G.C. 4- 


* After ascorbic acid administration. 

N.M. - normal mixture. T.G.C. - typical glucosazone crystals. 


The results show that, under the same conditions, equal amounts of ascorbic 
acid given by mouth and by injections cause, after the administration of 
adrenaline, less glycosuria in the first than in the second case. This is probably 
due to destruction or loss of the vitamin in the alimentary canal. 

With constant conditions of feeding before the adrenaline administration, 
the glycogenolysis and the resultant hyperglycaemia and glycosuria caused by 
adrenaline are, therefore, determined by the ratio of the dose of adrenaline to 
the body weight and by the degree of saturation of the body with vitamin C. 
The last statement will be referred to in the discussion. 

The next question to investigate was whether the adrenaline, when injected 
into rats previously kept on the scorbutic diet for 2J-3 months, causes no 
mobilization of glycogen and hence no glycosuria or actually causes the former 
but at a lower rate than in the case of animals previously kept on the ordinary 
diet. For this purpose, the time at which the maximum rise in blood sugar usually 
takes place was determined when adrenaline was given in proportion to the body 
weight and the restrictions previously described were followed. It was found 
that, in the case of group IV, the maximum rise took place after 1 hour regard¬ 
less of the body weight of the animals. Groups of rats were chosen and treated 
as described in the previous experiment. One rat of each group was used for 
determining the initial blood sugar level and the second received an adrenaline 
injection proportional to its body weight. All rats were slaughtered 1 hour 
after the injeotions and the blood sugar was determined. The mean of the results 
of a number of experiments is given in Table VII. 


Table VII. 

Initial blood 
sugar g. per 


Diet 100 ml. 

Scorbutic only 0*102 

Ordinary 0*104 

Scorbutic plus ascorbic 0* 112 

acid injections 


Blood sugar 
1 hour after 
adrenaline 
g. per 100 ml. 

0*210 

0*247 

0*208 


While these results give further support to the previous observations they 
definitely show that adrenaline in all eases causes mobilization of the glycogen 
store of the body but the rate of mobilization is increased by increasing the 
saturation of the body with vitamin C. 


83—2 
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Discussion. 

The discovery of the influence of vitamin C on the rate of mobilization of 
glycogen when adrenaline is administered is of great importance in making clear 
some of the results experimentally attained. 

The saturation of the body by injecting vitamin C markedly increases the 
rate of glycogenolysis caused by adrenaline; further, the results show that this 
rate runs parallel with the degree of saturation of the body with that vitamin. 
Thus the highest rate for the mobilization of glycogen is attained by producing 
the highest saturation by means of injecting the vitamin, for 3 days, into rats 
previously kept on a diet deficient in that vitamin for 2^-3 months; a lower rate 
by adding the pure vitamin to the deficient diet of similar rats in similar amounts 
and for similar periods, when part of the amount given may be supposed to 
undergo destruction or loss; a still slightly lower rate by keeping similar rats on 
an ordinary mixed diet containing the vitamin ; and the lowest rate when no 
vitamin is externally provided for the period above mentioned. This necessitates 
tho assumption that, although the synthetic process is generally enhanced after 
the 9th day on the scorbutic diet and the level of excretion in urine also gradually 
rises and reaches certain higher limits from the 16th day onwards, yet the rats 
are to be regarded as in a less saturated condition than when they are kept on 
the ordinary diet. In fact, as has already been pointed out, the level of excretion 
of the vitamin in the urine from the 16th day onwards on the scorbutic diet is 
generally lower than the level of excretion when the animals are kept on the 
ordinary diet. These statements are not contradictory to the fact that these 
animals do not develop scurvy when kept on a scorbutic diet, since the amount of 
vitamin synthesized may be sufficient to ensure good health, while "producing a 
relatively lower saturation than when the animals are kept on the ordinary diet. 
A similar finding, in the case of man, has been reported by Johnson and Zilva 
[1934], who found that it is possible to exist on diets containing sufficient 
vitamin C to insure freedom from scurvy even when the store of the vitamin in 
the body is maintained low. 

It is indicated above that the rate of mobilization of glycogen under the 
influence of adrenaline runs parallel with the degree of saturation of the body 
with vitamin C. This rate can also be influenced by different factors. Since the 
adrenaline is given in proportion to the body weight and variable factors, such 
as the conditions of feeding before the administration of adrenaline and the age 
of rats, are controlled, whilst other factors, such as the adrenaline and glycogen 
contents of the suprarenals and liver respectively, are constant both in animals 
kept on the scorbutic diet for 2J-3 months and in those kept on the ordinary 
diet, it becomes obvious that the degree of saturation of the body with vitamin C 
is a direct factor in determining the rate of glycogenolysis. Against this state¬ 
ment must be set the fact that saturation of the body with ascorbic acid alone 
has been proved in the present work to produce no hyperglycaemia or glycosuria; 
but the rate of rise of blood sugar is determined by the rates of the mobilization 
of glycogen and of the utilization of the blood sugar and unless the latter is 
interfered with, as is done by injecting adrenaline, the effect of the degree of 
saturation of the body with the vitamin on the rate of rise of blood sugar will be 
rendered inconspicuous. This becomes more evident if we take into consideration 
the recent work of Strieck [1935], who found that vitamin C, administered in 
different manners, increases the oxygen consumption without affecting the 
respiratory quotient or, in other words, that the carbohydrates are included in 
the substances utilized for the rise of metabolism caused by the vitarato itself. 
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That adrenalin© decreases the utilization of blood sugar in the peripheral tissues 
has been indicated bv Cori & Cori [1928], by Sahyun & Luck [1929], and by 
Cori et al. [1930]. 

An alternative explanation for the parallelism between the rate of glycogen 
mobilization and the degree of saturation of the body with vitamin C under the 
influence of adrenaline is the possibility that the vitamin in the reduced form 
protects the adrenaline from rapid oxidation and so, by increasing the saturation 
of the body with the former, a certain dose of the latter will be rendered more 
effective in producing the glycogenolysis. Such a relationship between the two 
substances in the case of the suprarenals has been suggested by different in¬ 
vestigators owing to the co-existence of the two substances in the same organ 
and to the reduction in the amount of both stated by some to occur in scurvy. 
According to Deutsch & Schlapp [1935], however, there does not appear to be any 
close relationship between the two substances. Further, the finding of Johnson 
& Zilva [1934] that the oxidized form of ascorbic acid is not excreted in the urine 
even after the ingestion of ascorbic acid in that form may at present stand 
against the latter explanation. 

Considering, as a whole, the results obtained when trying the effects of 
starvation for 24 hours, of insulin and starvation, of insulin and feeding and of 
adrenaline and starvation, it is found that the apparent variations in these four 
cases can be explained on the assumption that the vitamin is utilizable in some 
way during the metabolism of the different substances, so that there is more 
utilization whenever there is rise in metabolism and less utilization when the 
metabolism is relatively lowered. Thus, in the case of starvation for 24 hours 
when the metabolism is relatively lower than when the animals are fed the 
utilization of the vitamin becomes less and the amount saved causes a rise in the 
vitamin excretion in the urine. After adrenaline administration, a rise in meta¬ 
bolism was indicated by Sandiford [1920] and by Cori & Cori [1928] and at the 
same time there is no evidence of increased synthesis of tho vitamin; therefore, 
the increased utilization of the latter accompanying the rise in metabolism 
result*} in a remarkable fall in the amount excreted in the urine. In the two cases 
of insulin and starvation for 24 hours and insulin and feeding the metabolism is 
raised but there is more continual rise in the second case than in the first owing 
to the continual supply of metabolites ; at the same time there is evidence of 
increased synthesis of the vitamin under the influence of insulin, consequently 
the excess in the utilization of the vitamin is supplied by its synthesis. In the 
first case the synthesis exceeds the utilization resulting, therefore, in a rise of 
the vitamin in the liver, whilst in the second case the vitamin synthesized in the 
liver under the influence of insulin does not accumulate in that organ but is 
transferred to the tissues to meet the requirements of the increased metabolism. 
In spite of the fact that there is a rise in metabolism, the level of excretion of the 
vitamin in the urine is high in both cases, which is contrary to the case of 
adrenaline, and may thus indicate a continually raised charge of the blood by 
the synthesized vitamin. 

Summary. 

1. The total vitamin C content of the suprarenals and of the livers of adult 
rats of initial body weight 220-230 g. is constant whether the animals are pro¬ 
vided with an ordinary or with a scorbutic diet. 

On a scorbutic diet, rat's suprarenals show an increase in size and in weight 
which is noticeable only for a certain period. 

2. When the ordinary diet is replaced by a scorbutic one, the level of ex¬ 
cretion of vitamin C in the urine of rats rapidly falls and remains low for a certain 
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period, after which it gradually increases owing to the enhancement of the 
synthetic process, but remains at a lower level than on the ordinary diet. 

3. Starvation for 24 hours does not alter the vitamin C content of the supra- 
renals or of the livers of rats previously kept on a scorbutic diet, but it causes an 
increase in the amount excreted in the urine. 

4. Injection of insulin into rats previously kept on a scorbutic diet increases 
the vitamin content of the liver, probably owing to increased synthesis. The 
content of the suprarenals is not affected. 

5. Adrenaline does not alter the vitamin C content of the suprarenals or of 
the liver of rats previously kept on a scorbutic diet, but it lowers the level of 
excretion in the urine. 

6. The rate of glycogenolysis caused by adrenaline runs parallel with the 
degree of saturation of the body with vitamin C. It is suggested that this degree 
of saturation is a direct factor in determining the rate of glycogenolysis, or that 
the vitamin in the reduced form protects the adrenaline from rapid oxidation. 

7. The vitamin synthesis by rats kept on a scorbutic diet may be sufficient 
to insure freedom from scurvy while producing a relatively lower saturation of 
the body than when the animals are kept on a diet containing the vitamin. 

8. It is suggested that vitamin C is utilized in some way during the meta¬ 
bolism of the different substances, so that there is a parallelism between the 
extents of the two processes. 

We wish to express our thanks to Prof. G. V. Anrep and Dr A. Hassan for 
the encouragement and the interest they have shown in this work. 
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CLXXXV. METABOLISM OF SULPHUR. 

II. THE QUANTITATIVE DETERMINATION OF 
CYSTINE IN NORMAL URINE. 

By GRACE MEDES. 
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(Received 25 May 1936.) 

In the first paper of this aeries [Modes & Padis, 1936] a method was described for 
the quantitative determination of cystine in solutions, the basis of which was the 
precipitation of the cystine by cuprous chloride, its recovery as cysteine from the 
copper mercaptide by the use of hydrogen sulphide and its quantitative determi¬ 
nation with phospho-18-tungstic acid. The present paper concerns itself with the 
application of this method to the estimation of cystine in normal urine. 

That the compound so determined consists at least in part of cystine has been 
demonstrated by the isolation of cystine from normal urine by cuprous chloride 
precipitation. 

Isolation of cystine from normal urine . All reagents were prepared as in the method for quantita¬ 
tive determination of cystine reported in the previous paper. Freshly voided urine was brought to 
pH about 4*6 with acetic acid and preserved in a refrigerator at about 5° until used (not longer than 
6 hours). The urine was filtered to remove any uric acid and inorganic salts that had precipitated. 
To 3 litres of urine was added an equal volume of the sodium acetate-acetic acid buffer at 
pH 4*fi, followed by 25 g. of cuprous chloride dissolved in the KC1-HC1 mixture, added in a slow 
stream with vigorous stirring. The precipitate was allowed to settle for several hours or overnight 
and the supernatant liquid siphoned off. At this stage the remaining solution including the pre¬ 
cipitate was transferred to a small cylinder to permit further settling of the precipitate. After 
2-3 hours as much as possible of the supernatant liquid was decanted, the syrupy precipitate was 
transferred to 100-tnl. centrifuge-tubes (usually 3) and centrifuged at first at slow' speed, then 
more rapidly for about J hour. The preliminary slow' centrifuging causes a layering of the precipi¬ 
tate, the lower whitish layer consisting chiefly of the excess cuprous chloride, and the upper greyish 
layer containing the copper mercaptide. The latter was scraped away, transferred to a 1-1. beaker 
and stirred into about 700 ml. of the buffer solution, and 5 g. of cuprous chloride dissolved in the 
KC1-HC1 solution were again added. The precipitate was allowed to settle, the supernatant liquid 
decanted and the precipitate centrifuged down as before. 

The precipitate was stirred into 200 ml. of 0-1 K H 2 S0 4 and decomposed with H a 8. The copper 
sulphide was removed by filtration with suction, the filtrate w’as decolorized with norite and the 
H 2 S0 4 removed with Bad*, the process being interrupted at pH about 6, thus assuring a slight 
excess of H,S0 4 . The clear almost colourless filtrate w as concentrated under reduced pressure to a 
volume of about 10 ml., cooled and filtered. The precipitate w as discarded and the filtrate, after 
being brought to pH about 6-5 with NaHCO,, further concentrated by standing in a w arm room or 
in a desiccator. Crystals of cystine sometimes appeared after several days, sometimes only after a 
number of redilutions and reconcentrations. The crystals assumed various forms, usually needles 
or minute prisms. These were filtered off, dissolved in hot dilute HC1, the solution neutralized with 
NaHCOj and again concentrated. This procedure was repeated several times before the hexagonal 
crystals characteristic of pure cystine could be observed. These hexagonal crystals did not appear 
suddenly but were preceded by a transitional stage in which the spherules of minute prisms under¬ 
went a leaf-like lobulation, each leaf gradually approaching the hexagonal form until the mass 
was transformed into a spherule of plates showing striations corresponding to the original crystal¬ 
line structure* After several reorystallizations the dear, hexagonal crystals appeared. 

( 1293 ) 
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This procedure was repeated twelve times before sufficient crystals were obtained for identifica¬ 
tion. After further purification they gave, following reduction, the typical reactions of cysteine— 
the Sullivan reaction, the nitroprusside test and a positive test with phospho-18-tungstic acid. 
Optical rotation, 1 g. in 100 ml. solution (1 M HC1), -248°. 

Quantitative determination of cystine. For the quantitative determination of 
cystine, the method as described in the previous paper was employed, using 8 ml. 
of urine. To the same urine was added standard cystine solution in varying 
amounts, within the range found in normal urines. The results are given in 
Table 1 expressed in mols per hourly excretion, together with the percentages of 


Table l. The cystine content of normal urine by the cuprous chloride precipitation 
method (a) and by Shinohara's method (6), together with fiercentages of added 


cystine recovered . 


No. 

Cystine 

added 


No. 





of de¬ 

- 

- A 


of'de- 


Vol. 


Cystine per hr. 

termi¬ 

0*005 M 

0*001 M 

% re “ 

termi- 

•Sample 

ml. 

Hrs. 

M x 10® 

nations 

ml. 

ml. 

eovered 

nations 

1 

450 

12 

a 7*13 

3 

— 

— 

— 





b 9-36 

1 

-- 

— 

— 

— 

2 

680 

12 

a 6-91 

2 

I 

— 

89 

4 




b 5-95 

1 

— 

— 

— 

— 

3 

450 

12 

a 6-79 

2 

1 

_ 

88 

2 




b 5-37 

1 

— 

— 

— 

— 

4 

570 


f/ 6*82 

2 

— 

0*5 

88 

2 




a 6-82 

2 

— 

1*0 

89 

2 




a 6-82 

2 

— 

2*0 

88 

2 




b 6-80 

1 

— 

10 

41 

2 

r> 

820 

12 

a 5-50 

2 

— 

0*5 

86 

2 




a 5*50 

2 

— 

1-0 

93 

2 




a 5*50 

2 

— 

2*0 

92 

2 




b 5*37 

1 

— 

10 

66 

2 

6 

735 

12 

a 6*21 

2 

- 

0*5 

92 

1 




n 6-21 

— 

— 

1-0 

92 

1 




ft' 6-21 

— 

— 

2*0 

91 

1 




b 6*10 

2 

— 

0*5 

62 

1 




b 6*10 

2 

- 

1*0 

65 

1 




b 610 

2 

— 

2*0 

64 

1 


Av. a 6-36 - - - - - 894 ” If) 

Av. b 6-49 56-5 7 


added cystine recovered. For comparison determinations were made directly 
upon the urine by Shinohara’s modification [1935] of the Folin-Marenzi method 
and the results are also given in the table. Six samples from the same individual 
on a constant diet are represented, the various samples being collected over the 
period from 7 p.m. to 7 a.m. on 6 consecutive days. The output of cystine 
determined by the cuprous chloride method averaged 6*36 x 10~ 8 M (1*53 mg.) 
per hour, and by Shinohara’s method 6*49 x 10 -6 M (1*56 mg.) per hour. The 
individual values by the former ranged'from 5*50 to 7*13, and by the latter from 
5-37 to 9-36 M x 10“ 6 . By the cuprous chloride method, the recovery of added 
cystine averaged 89*4 % and by Shinohara’s method, 56*5 %. 

In Table II are recorded the results of a series of tests on 12 samples of urine 
with results expressed in mg. per 100 ml. and in mg. per hour. 

(a) Cuprous chloride precipitation [Medes & Padis, 1936]. Ascorbic add is 
not precipitated by cuprous chloride under these conditions. Glutathione 
(Hoffman La Roche) was subjected to the same process and failed to precipitate. 
Ergothioneine and uric acid, although precipitated by cuprous chloride, do not 
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Table II. Determination of S-S compounds in urine by various methods. 


Rossouw & 



Modes 

Shinohara 

Virtue & Lewis 

Medes-Sullivan 

Sullivan"' 

Wilken-Jorden 


mg. 

mg. 

mg. 

ing. 

mg. 

mg. 

mg. 

mg. 

t — 

mg. 

\ 

mg. 

mg. 

% 

mg. 


per 

por 

per 

per 

per 

por 

por 

pel* 

per 

per 

per 

per 

Subject 

100ml. 

hr. 

100 ml. 

hr. 

100 ml'. 

hr. 

moral. 

hr. 

100ml. 

hr. 

100 mi. 

hi. 

(i 

4-20 

0-87 

7-82 

1 -62 

1010 

210 


- 




— 

(i 

0*84 

0*92 

2*88 

305 

1-54 

1-63 


— 




— 

a 

1*56 

0-92 

4-08 

107 

3-84 

2-26 


- 

-- 


-- 

— 

a 

2*96 

0-92 

3-80 

H7 

6-59 

203 

- 


— 


— 

... 

a 

107 

1*28 

3*24 

412 

K>4 

1-84 


— 


— 


— 

a 

1*90 

0*95 

0-90 

0-48 

2*50 

1*28 

— 

— 

544 

2*72 

1*50 

0-75 

a 

1-44 

H»3 

2*70 

1*93 

2-50 

1*79 

1-34 

0*94 

4*00 

2-80 

1-29 

0-90 

a 

4*68 

108 

4-82 

1-09 

7 04 

1-62 

3*65 

0-84 

9*91 

2*28 

3-13 

0*72 

a 

2-06 

1-08 

2*57 

1*34 

3-52 

1*84 

— 

— 

603 

3*15 

1-62 

0*85 

h 

1-80 

1-37 

1*97 

1-30 

211 

1*60 

1*67 

M7 

445 

3*38 

1*70 

1*29 

b 

110 

1*21 

2*57 

2*83 

1*47 

102 

... 

— 

4*35 

4-79 

loo 

l*lt» 

b 

1*66 

127 

1*97 

150 

2*50 

MU_ 

— 

- 

4*65 

3*55 

1 *35 

1*03_ 

Av. 


108 


1 -so 


*1-71 


0*98 


3*24 


0*95 



±014 


±0*75 

±022 


±012 


±0-57 


±046 


* Procedure reported at the Kansas City Meeting of the American Chemical Society and given to the author 
b\ private comm imitation. 


produce colour with uric acid reagent in acid medium. The range of values deter¬ 
mined for the two individuals represented in the table extend from 0*87 to 1*28 mg. 
per hour in one case and from 1*21 to 1*37 mg. per hour in the other. 

(5) Method of Shinohara [Shinohara, 1935]. All SH and SS compounds of 
urine except ergothioneine probably respond to this test. Glutathione, if present, 
would be incompletely determined [Shinohara & Padis, 1936,1]. The final value 
is obtained by difference between total intensity of colour produced with 
phospho-18-tungstic acid in urine and intensity of colour produced with phospho- 
tungstic acid by extraneous reducers alone. In cystinuric urines, the colour 
developed by extraneous reducers constitutes only a small portion of the total 
colour, whereas in normal urines that produced by SH plus SS becomes the 
minor factor, and hence a method based on this difference is open to wide 
possibilities of error. In their own studies on the cystine and cysteine contents of 
urine, Shinohara & Padis [1936, 2] added amounts of these compounds several 
times greater than those occurring in normal urines. According to Table II, the 
hourly output of individual a ranged from 0*48 to 4*12 mg. and of the second 
subject, 6, from 1*50 to 2*83 mg. In the case of the low value, 0*48, the addition 
of HgClj to the blank produced a heavy cloud which could not be centrifuged out, 
and the colorimetric reading could only be approximate. In two instances the 
values are greater than determined for total S-S by the method of Virtue .4 
Lewis. This fact, together with the general irregularity of the results indicates 
that the Shinohara method is of questionable applicability to normal urines. 

(c) Method of Virtue do Lewis [1934], According to the authors, this method 
applies to total S-S, and therefore should give the highest values in the table. 
The only exceptions are the two instances cited under Shinohara’s procedure, 
and the series by Sullivan's method. 

(d) Sullivan's method . The high values obtained by this method indicate 
that it is not sensitive enough for direct use in normal urines. The yellow colour 
of the blank interferes with the pale red of the test. 

(e) Method of Rossouw & Wilken-Jorden [1935]. The values obtained by this 
method vary from 0*72 to 1*29 mg. per hour in the two individuals and average 
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81% of the values obtained by cuprous chloride precipitation with subsequent 
estimation by the uric acid reagent. 82 % of the cystine added to normal urines was 
recovered on the average, so that it is uncertain whether the low values represent 
error of determination or the presence of some other compound, such as homo¬ 
cystine, in normal urine. That pure cystine, as indicated by its optical rotation, 
was isolated by the cuprous chloride technique, speaks against this possibility. 

(/) The Sullivan procedure on the filtrate as recovered by H»S [Medes & Padis, 
1936]. The values obtained by this method are in fair agreement with those by the 
procedure of Rossouw & Wilken-Jorden and are open to the same considerations. 
In both these instances 50-100 ml. of urine must be employed and the mercap- 
tides decomposed in 5 ml. of solution. The technical difficulties of such a pro¬ 
cedure add to the uncertainty of interpretation of the results. 

Production of colour with phospho-J84ungstic acid by oxidation products of 
cystine . Since in the process of recovering cysteine from its mercaptide by H 2 S 
small amounts of decomposition products may be formed, it is of importance to 
ascertain the possible effect of these on phospho-18-tungstic acid. Sulphinic acid 
and cystine disulphoxide were tested through the courtesy of Dr Toennies and 
Dr Lavine. Sulphinic acid produces no colour with the uric acid reagent under 
the conditions of these tests and cystine disulphoxide develops colour slowly, 
approaching about 25% of the colour developed by a molar equivalent of 
cysteine. After the first 20 min. when the colorimetric readings in our experi¬ 
ments are taken, only about half of the final colour is developed. The colour 
produced by traces of disulphoxide which might be formed would therefore be 
insufficient to affect significantly the final values. 

Cysteine in normal urine. Since the cuprous chloride method does not dis¬ 
tinguish between cystine and cysteine, attempts were made by Shinohara’s 
method to ascertain if the latter was present. By Shinohara’s method, cysteine is 
determined by difference between colours developed by freshly voided urine 
with phospho-18-tungstic acid, and by a sample similarly treated, but containing 
formaldehyde. All tests were performed within 10 min. after the urine was voided. 
Of 40 samples, 23 gave positive values for cysteine averaging 3 x 10~ 7 M 
(0-036 mg.) per 100 ml.; 5 samples showed no difference between the two 
readings and in 12 instances the difference was negative. It seems doubtful, 
therefore, if cysteine is present in significant amounts in normal urines. 

• 

Summary. 

The cystine content of specimens of normal urine has been determined by 
the cuprous chloride precipitation method followed by recovery of cystine as 
cysteine by decomposition of the mercaptides with hydrogen sulphide and subse¬ 
quent estimation of the cysteine with phospho-18-tungstic acid. 

In this method cystine is differentiated from ergothioneine and glutathione. 
Ascorbic acid and uric acid are also excluded. 

Cysteine probably is not present except possibly occasionally in traces. 

The excretion of cystine, as determined by this method, averaged 5-66 x 10- 6 
M per hour, which was approximately 70 % of the total S-S as determined by 
the iodimetric titration method of Virtue & Lewis. 

Determination of cystine by the procedure of Rossouw & Wilken-Jorden 
gave values approximately 82 % of those by the test as developed by the authors. 

Determination of cystine in a filtrate obtained by cuprous chloride precipita¬ 
tion, recovery with H 2 S and estimation with the Sullivan reagent gave values 
approximately in agreement with those obtained by the Rossouw & Wilken- 
Jorden procedure. 
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The slightly lower values obtained by these two modifications of the Sullivan 
method leave open the possibility that some other S-S compound, such as homo¬ 
cystine may be present in urine in small amounts. 

The author is indebted to Mrs Kively Padis for making the determinations by 
the Shinohara and the Medes & Padis methods. 
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Research conducted by us on the amylase of forming and ripening rye grain 
[Chrz^szcz & Janicki, 1936, 2] has shown that in the forming grain immediately 
after blossoming amylase exists with all its functions intact, i.e. not only with the 
saccharifying but also with the liquefying and dextrinizing functions. Hence it 
does not differ from malt amylase. As the grain develops and ripens, the lique¬ 
fying and dextrinizing functions dwindle and finally disappear; saccharifying 
power remains, but lessened. This drop in amylase content or in the power 
of its various functions could, up to a certain stage of ripening of the grain, be 
counteracted by means of an eleuto-substance, in the shape of peptone nullifying 
the inactivating influence of the sisto-substance [Chrz^-szcz & Janicki, 1933]. 

Our experiments on the relation of increase in the quantity of active amylase 
in cereals to the decomposition of protein by the action of added proteases 
furnished evidence against the views of Ford & Guthrie [1908] and of a number 
of other workers who stated that com amylase is bound to protein, and that its 
liberation and activation can be effected only by means of the decomposition 
of the protein by the action of proteases. Experiments on the influence of 
hydrogen sulphide on increase of active amylase in cereals have also definitely 
shown that these views were mistaken [Chrzaszcz & Janicki, 1936, 1]. 

Since the observation that amylase with its three functions appears in rye 
grain immediately after blossoming conclusively contradicts the view that whole 
amylase only appears later, during germination, it was considered of interest to 
investigate whether this phenomenon likewise appears in other cereals, viz. oats, 
wheat and barley. 

Experimental. 

Rye grain was taken immediately after formation and at certain intervals 
during the process of ripening. The procedure followed was the same as in the 
research on rye [Chrzaszcz & Janicki, 1936, 2]. The grain was ground in a 
mortar, covered with water to form a 10 % extract, which after 20 min. was 
centrifuged. Amylolytic power was then determined. Peptone was added and 
extracts prepared; in the case of barley, papain was used as the eleuto-substance 
and, in that of wheat, NaCl also. The tables give the percentage content of water 
in the cereals and the percentage of each extract used. 

Amylolytic power was examined*as*in the previous research: thus, the 
saccharifying power was expressed in ml. N/20 iodine, computed for 1 g* of dry 
grain; the dextrinizing power was given without conversion, and the liquefying 
power was determined by the method of Lintner & Sollied, and expressed as g. 
of starch liquefied by 1 g. of dry com. 

Barley . 

The outcome of the experiment indicates that during the period of ripening, 
barley grain has not only saccharifying but also dextrinizing and liquefying 
powers, although in a much less degree than ripening rye grain. It is also striking 
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Table I. Amyhlytic power of ripening barley grain. 


Liquefying power 






Saccharifying power 

Dextrinizing power. Min. to 

/ ->- 






r 

> _^ 

change colour of starch with 

g. of 


Days 

H a O 



ml. X/20 



iodine to 

starch 


after 

content 


Peptone 

iodine 


Violet- 

- > -^ 

liquefied 


blos¬ 

of grain 

Extract 

added 

per 1 g. 

Change 

brownish Achro. 

by l g. 

Change 

soming 

% 

o' 

,0 

0 

'!> 

of grain 

0/ 

0 

blue 

red stage 

of grain 

% 

10 

03-8 

302 

_ 

150 

— 

100 

405 Not obtained 

6*9 

— 








after 840 min. 






1 

150 

0*0 

100 

405 „ 

8*1 

-t* 17*4 




o 

143 

- 4*0 

100 

345 

8*1 

+ 17*4 




4 

150 

0*0 

90 

340 

9*2 

4-33*3 

11 

02-5 

3*75 

_ 

m 

*-20-0 

100 

425 

7*0 

4- 1*5 




1 

102 

-28-1 

90 

425 

7*3 

4 5*8 




2 

17b-1 

I 18-7 

90 

425 

7*3 

4- 5*8 




4 

109*1 

5-12*7 

IK) 

425 

7*3 

4- 5*8 




8 

109-1 

4 12-7 

85 

305 

7*3 

4- 5*8 

14 

11*7 

5 83 

_ 

105-3 

t 7-5 

135 

Not ob- ,, 

0-0 

-100*0 








tained after 










840 min. 






2 

175*7 

4 17-1 

135 

1| 

0*0 

-100*0 




4 

105 3 

t 7*5 

135 

91 91 

0*0 

-100*0 




8 

143*8 

- 4*1 

110 

91 11 

0*0 

-100*0 


that the dextrinizing and liquefying powers diminish and disappear in barley much 
more quickly than in rye, the loss in barley taking place during the “milk ” stage. 

The following experiment was carried out in order to ascertain whether 
papain helps to increase the amylolytic power of an extract of barley grain taken 
14 days after blossoming. 

Table II. Influence of papain on the amylolytic power of ripening barley grain. 


Days 

after 

H„() 

content 

l'apain 

Saccharifying p« m er 

ml. .V 20 
iodine 

Dextrinizing power. Min. to 
change colour of starch with 
iodine to 

Liquefying power 

a. »f 
starch 
liquefied 

blos¬ 

of grain 

Extract added 

per 1 g. Change 

Violet Brownish Achro. 

by 1 g. 

Change 

O' 

0 

soming 

0 

iO 

% SI- 

of grain <>„ 

blue ml stage 

of grain 

11 

12*0 

5-8 

105 — 

135 Not obtained sifter 

0*0 

— 



l 

•i 

181 -i 9*7 

105 0*0 

810 min. 

135 

135 

0*0 

0*0 



Table II shows that papain had no effect on the dextrinizing and liquefying 
powers of barley grain in the phase of initial lactic maturity: the outcome was 
the same as with the action of proteolytic enzymes in general on ripe barley 
grain. 

Wheat. 

Experiments were then made on wheat grains (Table III). 

It follows from Table III that wheat behaves similarly to rye, i.e. it is only 
in the later phases of ripening that the liquefying power dwindles and disappears. 
The dextrinizing power, however, remains, but only in very moderate strength. 

In order to ascertain whether the dextrinizing powers of other types of wheat 
are greater or not, an experiment was made with two other varieties, the eleuto- 
substanoe used being, in addition to peptone, sodium chloride (Table IV). 

Table IV shows that wheat No. 3 has high liquefying and dextrinizing powers 
accompanied by a considerable content of sisto-substances, whose action can be 
excluded by using peptone and sodium chloride as eleuto-substances. The last- 
named acts best when in concentrations up to 1 %; in concentrations of 2 % or 
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Table III. Amyblytic power of ripening grains of wheat No. 1. 


Saccharifying power 


Days 

H e O 



ml. N !20 


after 

oontent 


Peptone 

iodine 


blos¬ 

of grain 

Extract 

anded 

per 1 g. 

Change 

soming 

% 

% 

% 

of grain 

% 

10 

40-7 

5*93 

— 

227*6 

— 




1 

221*0 

- 2*9 




2 

223*9 

- Hi 




4 

2254 

- 0*9 

12 

464 

5*30 

_ 

262*1 

+ 15*2 




1 

259 1 

+ 13*9 




2 

256-0 

+ 12*5 




4 

231*6 

+ 1*8 

lti 

38*9 

(ML 

— 

203-1 

-12*0 




2 

210-2 

- 7*5 




4 

mi 

—12*0 




6 

200-0 

— 12-1 

23 

35-5 

6-45 

— 

1924 

-154 




2 

199-2 

-124 




4 

109*2 

-124 




6 

183*6 

—19-3 


Liquefying power 

Dextrinizing power. Min. to ,—-- A -> 

cliange colour of starch with g. of 
iodine to starch 

f - A -% liquefied 


Violet- 

Brownish 

Achro. 

by 1$. 

Change 

blue 

red 

stage 

of grain 

o/ 

to 

30 

90 

Not obtained 
after840min. 

8*0 

— 

28 

90 


11*2 

+ 40*0 

28 

85 


11-2 

+ 40*0 

28 

85 


11*2 

+ 40*0 

30 

100 

M 

7*8 

- 2*5 

28 

100 

f' 

10*9 

+ 36*2 

28 

95 


10-9 

+ 30*2 

28 

90 

800 

10*9 

-1 36*2 

60 

265 

Not obtained 
after840min. 

54 

- 32*5 

50 

180 

V 

6*0 

- 25*0 

50 

170 

6-0 

- 25*0 

50 

165 

,, 

0*0 

- 25 *0 

GO 

400 


0*0 

-100*0 

50 

205 


44 

- 45*0 

52 

175 


44 

- 45*0 

55 

205 


44 

- 45-0 


Table IV. Influence of peptone and NaCl on ripening wheats Nos . 2 and 3. 

Liquefying power 


Days 

after 

blos¬ 

soming 


H t O 

content 


% added 


Saccharifying power 


mi. iv/ao 

iodine 


Dextrinizing power. Min. to 
change colour of starch with 
iodine to 


g- of 
starch 


25 


Extract 

Pep¬ 


per 1 g. 

Change Violet- 

Brownish 

Achro. 

by 1 g. 

(hange 

% 

tone 

NaCl 

of grain 

O' 

/o 

Wheat No. 2. 

blue 

red 

stage 

of grain 

0 

/O 

5*2 

— 

— 

238*6 

— 

55 

140 

Not obtained 
after840 min. 

7*7 

— 


2 

— 

250-0 

+4*8 

50 

130 


9*1 

• 18*2 


4 

— 

258*7 

+80 

45 

120 


11-3 

-i 16*7 


— 

2 

250*0 

+4*8 

56 

175 

f , 

7*1 

- 7*9 


" 

4 

247*9 

+3*9 

Wheat No. 3. 

GO 

265 

v 

5*5 

-28*7 

6*15 

— 

— 

216*0 

— 

20 

65 

400 

13*5 

— 


o 

— 

226*2 

+ 1*9 

15 

50 

320 

20*3 

4 50*4 


4 

— 

220*2 

+1*9 

15 

50 

320 

23*3 

+ 72*6 


— 

0*5 

222*0 

+2*7 

13 

5(1 

350 

20*3 

4 504 


— 

1*0 

218*2 

+1*0 

12 

55 

370 

23*3 

4-72*6 


more, it decreases the power of the dextrinizing and liquefying functions, at least 
in the case of wheat No. 2. The dextrinizing power of wheat No. 3 was so great 
that starch was easily dextrinized to the achro-stage with an extract of this 
wheat. 

Oats, 

Oats during germination have high dextrinizing and liquefying but relatively 
low saccharifying powers. It was therefore of interest to examine these three 
functions in the ripening grain (Table V). 

It can be seen from Table V that in ripening oat grain there is a more or less 
similar relation between the various amylolytic functions to that in malt, viz. 
relatively high liquefying and dextrinizing and only moderate saccharifying 
powers. In the case of ripening oat grain, the solutions of dextrinized starch 
likewise have a greenish tinge just as is often the case with germinating oats 
(malt of oats). 
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Table V. 

Amylolytic power in ripening oats. 












Liquefying power 





Saccharifying power 




r 






f - 

-A-^ 

Dextrinizing power. Mm. to change 

g. of 


Days 

H*0 



ml. aV/20 


colour of starch with iodine to 

starch 


after 

content 


Added 

iodine 


Violet- 


-a- N 

liquefied 


blos¬ 

of grain Extract peptone 

per I g. 

Change 

Brownish- 


by 1 g. 

Change 

soming 

% 

% 

% 

of grain 

% 

blue 

red 

Other stages 

grain 

% 

9 

40-9 

5-91 

_ 

142-2 

— 

34 

150 

375 (green) 

11*3 

— 




2 

146-2 

+ 2*1 

34 

90 

300 (375, blue) 

13-0 

-415*0 

12 

40-8 

5-92 

_ 

114*4 

-24-3 

85 

220 

Achro. not obtained 

10*0 

— 11*5 









after 840 min. 






3 

115-5 

-23-1 

40 

100 

365 (green) 

10-fi 

- 0*2 




6 

134*5 

- 5-4 

30 

90 

840 (achro. not ob¬ 

1(M) 

-11*5 









tained) 



14 

400 

6-0 

_ 

121*0 

-15-5 

03 

145 

840 (achro. not ob¬ 

9-2 

-18*6 









tained) 






3 

118*0 

-10*6 

38 

100 

400 (achro.) 

10-4 

- 7*9 




0 

114*2 

-19-7 

35 

100 

840 (achro. not ob¬ 

n-o 

- 2*7 









tained) 








Oats No. 2. 





19 

55-5 

4-45 

_ 

140*4 

_ 

43 

140 

840 (achro. not ob¬ 

11*8 

_ 









tained) 






3 

197*0 

-i U)*3 

X> 

80 

325 (achro.) 

17-3 

-<-40-6 




G 

187*2 

4 33-4 

30 

80 

840 (achro. not ob¬ 

22-0 

4-86-5 









tained) 



27 

120 

5-8 

_ 

94*3 

-32*9 

02 

225 

840 (achro. not ob¬ 

5-8 

-50*9 









tained) 






3 

103-2 

—20-6 

(58 

200 

700 (achro.) 

6*1 

—48*3 


Discussion. 

The results of these experiments on barley, wheat and oats confirm and greatly 
extend the research carried out with forming and ripening rye grain. It appears 
that after the blossoming of the cereal, all three amylolytic functions (liquefying, 
dextrinizing and saccharifying) appear in the forming grain, that is to say exactly 
as in germinating barley (in malt). This phenomenon is therefore a general one, 
appearing in all species of cereal. These three amylolytic functions are not 
maintained, however, at a constant level, but on the contrary, as the grain 
develops and ripens, the various functions gradually decrease in activity 
(dextrinizing and liquefying powers particularly, as these almost completely 
disappear in the later phases of ripening). This decrease in the strength of the 
various functions is a reversible feature up to a given phase of development of 
the grain since the primary activity can be restored with the help of eleuto- 
substances (peptone or weak solutions of salt). Evidently sisto-substances ac¬ 
cumulate in the ripening grain and act with steadily increasing effect. Their 
activity can be counteracted by the influence of the eleuto-substances men¬ 
tioned, but only up to a certain stage of development of the grain and in a great 
measure individually in dependence on the type of cereal and its variety. 
Evidently at a certain stage of development these sisto-substances collect in such 
large quantity, or their ability to bind amylase increases to such an extent, that 
their activity cannot be nullified by the eleuto-substances ; this in turn evokes an 
almost complete loss of dextrinizing and liquefying powers. 

It is of interest that in forming barley grain the loss of these two functions 
takes place during the “milk” stage, but in other cereals this happens much 
more slowly and tie dextrinizing and liquefying functions finally disappear only 
when the grain is almost fully ripe. This phenomenon is in agreement with our 
former observations, viz. that barley and buckwheat have the highest content 
of sisto-substance, evidently produced in great quantity concurrently with the 
beginning of the grain formation. 
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These experiments confirm the view expressed when investigating rye, viz. 
that Nordh & Ohlsson’s [1932] hypothesis, affirming that the so-called oc-amylase 
forms only during the germination of grains, is erroneous. 

Purr’s [1934] view that the disappearance of dextrinizing power of amylase is 
due to the oxidation of ascorbic acid during ripening, likewise appears to be un¬ 
tenable. The experiments on ripening grains, those on rye and those on wheat, 
oats and barley, fail to confirm this author’s suppositions. The gradual diminu¬ 
tion of the dextrinizing function can be counteracted with peptone and even with 
NaCl.acting as eleuto-substances. This fact points to the adsorptive inactivatiofi 
of this function, as it is difficult to suppose that by such means it is possible to 
reverse the process of oxidation of ascorbic acid during the preparation of the 
grain extract. Further research will elucidate whether the disappearance or 
decrease of the dextrinizing and liquefying functions is evoked exclusively by the 
adsorption-elution of amylase, so often indicated by us, or whether apart from 
this, still other factors enter into consideration. 

Summary. 

1. In wheats, oats and barley, as is the case with rye, whole amylase is 
found with its three functions intact (liquefying, dextrinizing and saccharifying) 
immediately after blossoming from the moment the grain is formed. 

2. As the grain ripens, the liquefying and dextrinizing functions gradually 
disappear, and the saccharifying function undergoes partial decrease. 

3. This disappearance of the liquefying and dextrinizing functions of amylase 
is above all of an adsorptive nature and can be counteracted by eleuto-substances 
(peptone or NaCl). The latter give better results with wheat at concentrations of 
(>•5-1 -0 %. The disappearance of dextrinizing and liquefying functions could not 
be counteracted by the action of papain. 

4. The activities of the various functions of amylase and the speed of their 
diminution and disappearance, as also their liberation by the action of eleuto- 
substances, are an individual trait of cereal and its various species. With barley, 
which possesses the highest quantity of sisto-substances, the diminution of the 
various functions of amylase commences earliest, i.e. during the early stages of 
ripening. 

5. Nordh and Ohlsson’s view that a-amylase is formed only during the 
germination of grains, as also Purr’s statement that the gradual total loss of 
dextrinizing power of amylase is due to the oxidation of ascorbic acid, were not 
confirmed by our previous experiments on rye or by the present ones on the 
development of amylase in ripening barley, wheat and oats. 
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In a recent series of communications from these laboratories we have recorded 
the isolation from the dried mycelium of several different species of Helmin- 
thosporium , when grown on a synthetic medium containing glucose as the sole 
source of carbon, of a number of hitherto unrecorded polyhydroxyanthra- 
quinones [Charles et al . 1933; Raistrick et al. 1933; 1934]. These mould 
metabolic products included helminthosporin (2-methyl-4:o:8-trihydroxvanthra- 
(juinone) from H. gramineum Rabenhorst and H. catenarium Drechsler; cate- 
narin (oj8-(hydroxymethyl)-l:5:8-trihydroxyanthraquinone) from H. catenarium 
Drechsler, H. gramineum Rabenhorst and H. velutinum Link; cynodontin (2- 
methyl-1:4:5;8-tetrahydroxyanthraquinone) from H. cynodontis Marignoni, H. 
euchlaenae Zimmermann, and H. avenae Eidam, and tritisporiii (6(or 7)-(hydr¬ 
oxymethyl)-! :3:5:8-tetrahydroxyanthraquinone from H. tritici-vulgaris Nisikado. 
In some cases these polyhydroxyanthraquinones are present in surprisingly 
large amounts, comprising in the case of H. gramineum about 30% of the weight 
of the dried mycelium. 

During the investigation of some 40 species of Helminthosporium it was 
found that, in the cases of H. Ravenelii Curtis and H. turcicum Passerini, 
although solvent extraction of their dried mycelia yielded considerable amounts 
of a yellow crystalline material, this was not a polyhydroxyanthraquinone. This 
substance, for which the name ravendin is proposed, has now been purified and 
characterized as 3-methyl-l:4:8-trihydroxyxanthone, thus affording the first 
recorded instance of the production by any of the lower fungi of a polyhydroxv - 
xanthone. Two naturally occurring hydroxyxanthones have been previously 
examined, namely (a) euxanthone (l:7-dihydroxyxanthone), which occurs as the 
glucoside mangiferin in the leaves of Mangifera indica L., the Indian mango 
tree, and, coupled with glucuronic acid, as euxanthic acid in the pigment “piuri”, 
or Indian yellow, prepared from the urine of cows fed on mango leaves, and 
(b) gentisin (the 3-methyl ether of l:3:7-trihydroxyxanthone) which is present 
probably as a glucoside in the rhizomes of Oentiana lutea L. 

Nisikado [1929] divided the genus Helminthosporium into two subgenera on 
morphological grounds, i.e. the subgenus Eu-Helminthosporium and the sub¬ 
genus Cylindro-Helminthosporium. It is perhaps significant that of the 40 species 
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examined biochemically by us which are common to the 24 species examined 
morphologically by Nisikado, all those species (with one possible exception) 
which we have found to produce polyhydroxyanthraquinones are included by 
Nisikado in the subgenus Cylindro-Helminthosporium, whilst those species which 
fail to produce polyhydroxyanthraquinones, including H. Bavenelii and //. 
turcicum which produce a polyhydroxyxanthone, are included in the subgenus 
Eu - Helminthosporium . 

H. Bavenelii Curtis (svn. H. hoffmanni Berkeley and Curtis, H. tonkinense 
Karsten & Roumegu£re, and H. crustaceum Hennings), although of very little 
economic importance, has become one of the best known members of the genus 
Helminthosporium because of its conspicuousness and wide occurrence in many 
of the warmer regions of the world. It was first described in 1848 by Curtis who 
noted its abundant distribution in North and South Carolina as a parasite on 
the grass Sporobolus indicus R. Since that time it has been reported by many 
different mycologists, on Sporobolus indicus growing in different parts of North 
and South America and China. A full account of it is given by Drechsler [1923]. 

H. turcicum Passerini (syn. H. inconspicuum Cooke & Ellis) is the cause of a 
disease of maize (Zea Mays L.) commonly known as “leaf blight’’ and less 
frequently as “white blast”. It appears to have been first noticed in 1876 in 
Italy by Passerini. Leaf blight disease of maize is of almost universal occur¬ 
rence, having been reported throughout the maize belt of the United States, in 
New South Wales, Japan, India, South Africa and Russia. H . turcicum has also 
been reported on cultivated sorghum by Butler [1918] in India, Egypt and China 
and by other authors in different parts of the world. A full account of it is given 
by Drechsler [1923]. 

Chemistry of ravenelin. The intensely yellow crystalline substance, M.r. 
267-268° (con*.), was found to be homogeneous; it is optically inactive and has 
pseudo-acidic characters. The composition, C 14 H 10 O 5 , was established by ele¬ 
mentary analysis, mol. wt. determinations (cryoscopic in camphor) and by the 
preparation and analysis of derivatives such as the triacetyl-, tribenzoyl- and 
trianisoyl-ravenelins and ravenelin dimethyl and trimethyl ethers. 

These experiments also demonstrated the absence of the carboxyl group 
confirmed by the failure to effect esterification with the help of the usual acid 
catalysts. 

It is difficult to formulate a trihydroxy-compound, C 14 H 10 O 6 , as a derivative 
of naphthalene, anthracene or phenanthrene, and yet a polycyclic system was 
clearly indicated. Hence, especially as the function of two oxygen atoms 
remained undecided and lactonic character was not evinced, we suspected a 
xanthone structure. A substance of the composition C 14 H 10 O 6 might be a tri- 
hydroxymethylxanthone. Direct evidence of the presence of a methyl group was 
obtained by means of the Kuhn-Roth micro-method. 

According to the conditions of the experiment, ravenelin affords a dimethyl 
or a trimethyl ether when it is treated with diazomethane in alcoholic-ethereal 
solution; the dimethyl ether can be further methylated by means of methyl 
sulphate and sodium hydroxide in aqueous acetone solution. 

The trimethyl ether is inert towards alkalis and acetic anhydride and its 
most interesting property is its basic character. It is a rather strong oxonium 
base and a ferrichloride, C 17 H 17 0 5 .FeCl 4 , was isolated and analysed. 

This observation gave very strong support to the view that ravenelin is a 
trihydroxymethylxanthone. Confirmation was obtained by the isolation of the 
ethyl ether of a substituted phenylxanthydrol after reaction between 0-trimethyl- 
ravenelin and phenyl magnesium bromide. 
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Degradation of ravenelin proved to be a very difficult operation, but re¬ 
sorcinol was obtained by fusion with potassium hydroxide. The structure could 
therefore be expressed as (I) or (II). 



Eventually it was found that the pyrone ring could be opened as the result of 
submission of ravenelin trimethyl ether to the action of sodamide in boiling 
xylene solution. The effect was to remove a carbon and an oxygen atom and to 
introduce two hydrogen atoms. It was evident that the reaction had gone 
beyond the usual first stage of the Haller process (scission of —CO—R affording 
—OONH 2 and HR) and that, in all probability, the fission of a xanthone ring 
occurred in accordance with the scheme: 




+ 2KH, 


x/° v 


/ 'on- - 


X | + XHj.C'O. > 


XH, 


\ 


The presumed substituted diphenyl ether was a homogeneous oil, but for¬ 
tunately it afforded a characteristic crystalline tetrabromo-derivative. It will be 
noticed that structures of the types I and II are derived from one and the same 
diphenyl ether and as the number of plausible formulae was limited we turned 
to synthesis in order to decide between them. In this we confined ourselves to 
substances in which the hydroxyl groups in the trihydroxytoluene nucleus were 
in o- or p-relation because ravenelin in alkaline solution is readily oxidized by 
atmospheric oxygen. The isomeric ethers III, IV and V were prepared by 
appropriate modifications of Ullmann's method from ra-methoxyphenol and the 
req uisi te dim ethoxy brom o toluenes. 


/\ o /\ 


Met),/ V y " 


OMp OMp 

Y\ a/\ 

MeO, V \ x 


\/ 


Mp 


(III) 


\/ 

OMe 
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\/ 


Mp 

/'\ i) /N 

i Me MpO, / "X,/ X / \ 


(IV) 


/ 

OMe 


\/ 


(V) 


OMe 


OMe 


The isomerides III and V proved to be crystallizable but IV was liquid and 
identical with the substance obtained from ravenelin trimethyl ether by inter¬ 
action with sodamide. This important conclusion followed a careful comparison 
of the tetrabromo-derivatives. It follows that ravenelin is VI or VII. 


OH 


HO 



Me 


(VI) 


OH 
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The analytical evidence at our disposal did not distinguish between these 
possibilities although the formation of a dimethyl ether might be held to 
support VI because VII contains two hydroxyls in the o-position to the carbonyl. 
However, it is probable that the inactivation of hydroxyl by neighbouring 
carbonyl is due to chelation and theoretically this implies that one carbonyl 
group can inhibit the methylation of only one hydroxyl group at a time. 

Actually VII must be the correct formula because we have been able to 
synthesize the trimethyl ether of VI and this substance, although very similar 
to, is different from O-trimethylravenelin. 

The condensation of 3-bromo-2:5-dimethoxytoluene with 2-hydroxy-4- 
methoxybenzonitrile in the presence of potassium hydroxide or ethoxide and 
copper bronze at 200° affords 2:5-dimethoxytoluene, 2:4-dimethoxybenzonitrile 
(!) and 2^yano-3'-methyL5:2':5'4rimethoxydiphenyl ether (VIII) which is hydro¬ 
lysed by boiling aqueous barium hydroxide to the corresponding acid . Hot 
phosphoryl chloride then effects the ring-closure to Z-rn£thyl-lA:$4rimeihoxy- 
xanthone (IX). 

OMe OMe 




It is of interest to compare the constitution of ravenelin (VII) with that of 
helminthosporin (X) because the methyl group and two of the hydroxyl groups 
are identically situated in these two metabolic products of species of Helmin- 
thosporium . 


OH HO OH 



In cynodontin (XI), a congener of helminthosporin, the fourth hydroxyl 
corresponds to the third of ravenelin. It is not known whether cynodontin is an 
oxidation product of helminthosporin or whether the latter is derived from the 
former by reduction, but a Dakin-type oxidation of XI followed by reduction 
could yield VII. This particular hypothesis is naturally a pure speculation and is 
mentioned only as an example of the kind of relation that may exist between 
these natural products. 

Experimental. 

Cultures . The culture of Helminthosporium Ravenelii Curtis (L.S.H.T.M. 
Cat. No. Ag. 138) used throughout this work was purchased from the Centraal- 
bureau voor Schimmelcultures, Baam, Holland, in June 1933. It was received 
by them in November 1929 from Nisikado, who isolated it in Japan from 
Sporobolm sp. (strain No. 216). The culture of H. tureicum Passerini (L.S.H.T*M. 
Cat. No. Ag. 124) used was purchased from Baam in May 1932* lib was received 
by them in November 1929 from Nisikado, who isolated it in Japan from Zm 
Mays L. (strain No. 164). 
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A. Cultural conditions and course of metabolism. 

35 litres of Czapek-Dox medium of the following composition were used: 
glucose, 50 g.; NaNO a , 2-0 g.; KH 2 P0 4 ,10 g.; KC1,0*5 g.; MgS0 4 ,7H 2 0,0-5 g.; 
,FeS0 4 ,7H 2 0, 0*01 g.; distilled water, 1 litre. This was distributed in 350 ml. 
amounts in 100 one-litre conical flasks and sterilized. After sterilization a 
measured quantity, previously determined, of sterile N NaOH solution was 
added to each flask to bring the pH of the medium to 8-0. Each flask was then 
sown with the same volume of a suspension in sterile Czapek-Dox solution of 
a pure culture of H. Ravenelii grown on Czapek-Dox agar slopes for 2-3 weeks. 
The inoculated flasks were incubated at 24° and the mixed contents of 5 flasks 
were analysed after varying incubation periods. The methods used for treatment 
of the mycelium are described in section C. The results obtained are given in 
Table I in which the weights recorded are those obtained from 5 flasks in each 
case. After 69 days’ incubation the remaining 65 flasks were taken off and the 
figures given in Table I for this incubation period are calculated from the results 
obtained. 

Table I. 



° 0 glucose in 


Wt. of 

M.F. Of 


Incubation 

metabolism 

Wt. of 

c-rudc 

crude 

Wt. of 

period 

solution by 

mycelium 

ravenelin 

ravenelin 

crude fat 

in days 

polarimeter 

g- 

g- 

L C. 

g* 

21 

4-66 

2-42 

Trace 

Very indefinite 

0-21 

28 

409 

5-10 

0-15 

253—6 

0-33 

35 

2-82 

11-77 

0-24 

258-263 

MO 

42 

2-48 

12-41 

0-30 

255-8 

1-40 

49 

2-10 

12-25 

0-32 

252-5 

MS 

61 

1-50 

10-67 

0-37 

254-6 

1-15 

m 

Olil 

16-58 

0-38 

255-7 

2-33 

69 

0-04 

15-23 

034 

259-261 

2-91 


B. Effect.s of temperature and p H on yield of ravenelin. 

A batch of Czapek-Dox medium of the composition given above was 
made up, distributed in 350 ml. quantities and sterilized. After sterilization 
some of the flasks were inoculated with H. Ravenelii without further treatment 
(pH of medium=4*2) while some were adjusted to pH 6*0 and the remainder 
to pH 8*0 before inoculation. Five flasks at each pH were then incubated at 24°, 
5 at 27° and 5 at 30°, in all cases for 52 days. The results obtained are sum¬ 
marized in Table II and refer to yields from 5 flasks in ail cases. 


Table II. 



Incubation 

Kesidual 
glucose by 

Wt. of 

Wt. of 

Wt. of 
crude 

m.f. of crude 

Initial 

temperature 

°c. 

polarimeter 

mycelium 

crude fat 

ravenelin 

ravenelin 

pH 

o 
, 0 

* g- 

g- 

g- 

C C. 

4-2 

24 

2-21 

12-1 

1-51 

1-72 

235-8 

6-0 

24 

1-43 

14-1 

1-84 

1-08 

2*50-1 

8-0 

24 

0-90 

15-2 

2-50 

0-50 

261-3 

4-2 

27 

0-90 

13-8 

1-71 

1-71 

258-01 

6-0 

27 

1-25 

13*4 

M2 

1-20 

24*5-50 

8-0 

27 

1-33 

14-1 

0-90 

0-86 

246-51 

4-2 

30 

2-47 

10-1 

0-40 

1-28 

249-58 

6-0 

30 

2-56 

9-0 

0*29 

0-83 

249-56 

8-0 

30 

1-76 

11-2 

0-25 

0-73 

252-56 


It is dear from these figures that the optimum conditions for the production 
of ravenelin by H* Ravenelii on Czapek-Dox medium are an incubation tem- 
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perature of 24-27° and an initial pH of 4*2. However, since ravenelin, in quan¬ 
tities sufficient for its chemical investigation, had already been prepared before 
these findings were available, no use was made of them for the large-scale pre¬ 
paration of ravenelin except for the preparation of one batch (see Table III, 
batch 6). 

C. Preparation of ravenelin. 

Several batches of ravenelin have been prepared and in each case the 
medium (adjusted before inoculation to pH 8*0 except batch 6, Table III, in 
which the initial pH was 4-2), cultural conditions etc. employed were the same 
as are described in section A. 100 flasks were used in each batch. At the end 
of the incubation period the flasks were similar in appearance, the mould 
growth having a crumpled dark grey to buff surface, with a brown or red margin 
and a khaki-brown reverse, while the metabolism solution was red-brown in 
colour. The mycelium was filtered from the metabolism solution, squeezed, 
washed with cold water, pressed and dried in a vacuum oven at about 40°. It 
was ground to a fine powder in a coffee mill and extracted for 1 working day with 
light petroleum (b.p. 40-50°) to remove most of the fat and sterols. The light 
petroleum-extracted mycelium was dried, re-ground and exhaustively extracted 
under a reflux condenser with boiling chloroform. (Ethyl ether is almost as 
efficient.) The crude ravenelin separating from the chloroform (or ether) extracts 
was filtered, washed, dried and weighed. The solvent was removed from the 
chloroform (or ether) mother-liquors and the residue was extracted with a small 
amount of light petroleum (40-50°). The undissolved residue consisted, as did the 
material separating from the original light petroleum extract, mainly of ergo- 
sterol together with small amounts of ravenelin. The combined light petroleum 
extracts yielded, on evaporation, considerable amounts of crude fat. 

Further extraction with acetone or methyl alcohol of the chloroform- 
extracted mycelium yielded small amounts of mannitol. 

The experimental details of 6 batches are summarized in Table III in which 
all figures refer to 100 flasks. 



Incubation 

% glucose in 
metabolism 

Table III. 

Wt. of 

Wt. of 
crude 

Wt. of 

Wt. of 
crude 


period 

solution by 

mycelium 

ravenelin 

crude fat 

ergosterol 

Batch 

in days 

polarimeter 

g- 

g- 

g- 

g- 

1 

52 

0-90 

307 

100 

530 

1*75 

2 

53 

0-92 

307 

100 

49-6 

1-31 

3 

56 

0-63 

324 

11*2 

63-8 

2*58 

4 

67 

090 

300 

8-9 

80-5 

202 

5 

67 

0-47 

295 

no 

691 

3*97 

6 

68 

094 

266 

24*8 

20-4 

4*46 


The M.r. 

of the crude ravenelin was 

in all cases about 260°. 



Isolation of ravenelin from H. turcicum. 100 flasks (35 litres) of Czapek-Dox 
medium (see p. 1307), initial pH 4-2 unadjusted, were sown with H . turcicum and 
incubated at 24° for 60 days; residual glucose by polarimeter, 1*52 %; weight of 
dried mycelium, 273 g. The ground mycelium was extracted as described in 
section C for H. Ravenelii, giving 10*6 g. of a mixture of crude fat and crude 
ergosterol and 0-75 g. crude ravenelin, m.p. 258-261°, alone or mixed with ravene¬ 
lin from H. Ravenelii . 

Chemistry of ravenelin . 

Ravenelin (batch 1 ex H. Ravenelii) had m.p. 265-266° (eorr.) raised to 
267-268° (corr.) by crystallization from acetone-chloroform as microscopic needles 
and prismatic needles (found: C, 65*3, 65*3, 65*3, 64*8; H, 4*0, 3*8, 3*9, 4*0%; 



RAVENELIN 


1309 


mol. wt. (cryoscopic in camphor), 258, 255) or pyridine (found: C, 65*5; H, 4*0. 
Ci 4 Hi 0 O 5 requires C, 65*1; H, 3*9%; mol. wt., 258). Found on sample ex H. 
turcicum : C, 65*3; H, 4*2%. On oxidation with chromic acid (Kuhn-Roth 
method) evidence of the presence of one side-chain methyl group was obtained 
(found: 89*9, 77*3% of 1C 2 H 4 0 2 ). The intensely yellow substance gives yellow 
solutions in organic solvents in most of which it is sparingly soluble. It is freely 
soluble in cold pyridine and hot acetic acid, moderately readily soluble in hot 
alcohol and acetone and sparingly soluble in hot benzene and light petroleum. 

It is insoluble in boiling aqueous sodium acetate but dissolves in hot aqueous 
sodium carbonate to a brownish yellow solution. The yellow solution in oxygen- 
free aqueous NaOH quickly becomes deep brown on shaking with air. The 
ferric chloride reaction in alcoholic solution is an intense dull greenish brown. 
On heating the orange-yellow solution in sulphuric acid it becomes redder and 
deeper in tone and then orange-brown. 

Ravenelin itself does not appear to form an oxonium salt in contact with 
concentrated hydrochloric acid. 

O-Tri acetyl rave nelm . A mixture of ravenelin (2g.), acetic anhydride (20 ml.) 
and pyridine (0*3 ml.) was heated on the steam-bath for 4 hours. The derivative 
isolated in the usual manner crystallized from acetic acid in slender, colourless 
needles, m.p. 204-205’ (corr.) (2 g.). (Found: (\ 62*5; H, 4*2%. C 20 H 16 O 8 
requires C\ 62*4; H, 4*2 %.) A determination of acetyl groups by the Kuhn-Roth 
oxidation process indicated the presence of three acetate residues and the side- 
chain methyl group. (Found: 90*2, 89*8% of 4C 2 H 4 0 2 .) The substance was 
optically inactive in chloroform solution. It is sparingly soluble in cold alcohol 
and benzene but readily soluble in the hot solvents. The mate‘rial crystallized 
from acetic acid dissolved in cold acetone and quickly separated again in the 
form of hair-fine needles. 

0-Tribenzo\jlmvenelin . Ravenelin (0*5g.) was benzoylated in pyridine solution 
by means of benzoyl chloride (2*5 ml.), at first in the cold anti eventually bv 
boiling the mixture for 2 min. The product crystallized on cooling and was 
collected, washed and crystallized from pyridine. It separated as colourless, 
elongated, microscopic, prismatic needles with pointed ends, m.p. 255° (corr.). 
(Found: C, 73*6; H, 3*9%. C^H^Og requires t\ 73*6: H. 3*9%.) The derivative 
is sparingly soluble in boiling alcohol, moderately readily soluble in hot acetic 
acid and readily soluble in warm pyridine. 

O-TrianisoylravenelIn. This derivative was prepared like the benzoate. It 
crystallized from pyridine and then from acetic acid as colourless, flat, friable 
needles, m.p. 216-218° (corr.). (Found: C, 69*3; H, 4*5%. C 38 H 28 O u requires 
C, 69*1; H, 4*3%.) The substance was insoluble in aqueous alkalis, and ferric 
chloride-negative, so that apparently it contained no free hydroxyl group; it 
gave consistently low values in methoxyl estimations. 

Action of nitric acid on ravenelin . Vigorous oxidation occurred under most 
conditions but the only products isolated were oxalic acid and a sparingly 
soluble nitro-derivative obtained in insufficient amount for investigation. 

Tribromoravenelin . When ravenelin (0*2 g.) was brominated in hot acetic 
acid by means of bromine (1 g.) the derivative crystallized on cooling and was 
recrystallized from acetic acid in the form of long, thin, deep yellow, opaque 
splinters, not possessing a definite melting-point. (Found: Br, 48*0 %. C M H 7 0 6 Br 3 
requires Br, 48*4%.) 

Fusion of ravenelin with alkalis and other experiments . Only unchanged 
material was obtained as the result of attempted reduction of ravenelin by means 
of hydriodic acid and phosphorus at 180° or by distillation over zinc dust in a 
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stream of hydrogen. The attempted oxidation of the triacetate by means of 
chromic acid in acetic acid solution was also fruitless. 

A mixture of ravenelin (3 g.), sodium hydroxide (10 g.), potassium hydroxide 
(10 g.) and water (20 ml.) was heated in a nickel crucible (aluminium block at 
240-275°) for 2 hours and finally for 15 min. at a liigher temperature (block at 
340°, melt at 250°). The product was dissolved in water, acidified, saturated 
with ammonium sulphate and extracted with ether. The syrup isolated in this 
way, which gave a strong fluorescein reaction test for resorcinol, was treated 
with methyl sulphate and aqueous sodium hydroxide in excess, and the resulting 
oil isolated by means of ether. It had b.p. 210-211°/736 mm. (corr.) (yield, 
0-3 g.). (Found: C, 69-9; H, 7-5%. Calc, for C 8 H 10 O 2 : C, 70-0; H, 7-3%.) The 
substance was recognized as resorcinol dimethyl ether by its odour and b.p. 
(authentic specimen, b.p. 209-214°/736 mm.) and by the preparation of the 
dibromo-derivative, m.p. 142-143° (corr.) alone or mixed with an authentic 
specimen. The other products of the alkali fusion could not be isolated in a pure 
condition. 

Methylation of ravenelin . Direct processes using methyl sulphate and alkalis 
gave unsatisfactory results. 

(а) A suspension of ravenelin (3 g.) in absolute alcohol (200 ml.) was treated 
with diazomethane (from 10 g. of nitrosomethylurea, method of Arndt & 
Amende [1930]) for 48 hours at room temperature. The solid products were 
isolated and treated again in exactly the same way. The solvent was then 
removed by distillation and the residue extracted with hot alcohol (some in¬ 
soluble residue). The cooled solution deposited long, yellow, hair-like needles, 
m.p. 285-287° (corr.) (0*15 g.). (Found: C, 66*7; H, 5-0; MeO, 21-8%. C 16 H 14 0 5 
requires C, 67-1; H, 4-9; 2MeO, 21-7%.) 

(б) The crude dimethyl ether (0*3 g.) was dissolved in a little acetone and 
methyl sulphate (5 ml.) added. The mixture was then treated alternately with 
aqueous NaOH and methyl sulphate until the aqueous alkaline solution was no 
longer intensely yellow in colour. The acetone was then evaporated and the 
solid collected (0-25 g.) and crystallized from alcohol. It separated as colourless 
prisms, m.p. 178-179° (corr.). 

(c) The same substance was obtained by the action of diazomethane on 
ravenelin in alcohol containing a little water. Ravenelin (2 g.) in 99-5 % alcohol 
(300 ml.) was treated with diazomethane (from 20 g. of nitrosomethylurea using 
undried ether). After keeping for 48 hours at the room temperature the excess 
of diazomethane was decomposed by acetic acid and the solvents removed. The 
solids obtained on addition of water were collected (1*95 g.) and dissolved in 
alcohol (0*2 g., residue). On cooling the solution deposited colourless prisms, 
m.p. 178-179° after recrystallization from alcohol. (Found: C, 68-4, 08*1; 
H, 5-7, 5-4; MeO, 31-9%. C 17 H 16 0 6 requires C, 68-0; H, 5*4; 3MeO, 31-0%.) 
The procedure described under (6) above was applied to the material in the 
mother-liquors and in this way 0*9 g. of the trimethyl ether was recovered. 

The derivative dissolves in cold cone. HC1 to an intense orange solution, the 
colour being discharged by the addition of water or alcohol. 

The hydrobromide crystallized as orange-yellow needles when the substance 
was dissolved in acetic acid containing hydrogen bromide. This trimethyl- 
ravenelin was unchanged after treatment with hydroxylamine, semicarbazide, 
boiling aqueous sodium hydroxide or barium hydroxide or alcoholic potassium 
hydroxide and acetic anhydride under various conditions. 

Ferrichtoride . Trimethylravenelin (0*15 g.) was dissolved in cone. HQ and a 
solution of FeCla (0*3 g.) in cone. HC1 added. The derivative crystallized from 
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acetic acid containing HC1 and FeCl 3 as red prisms, m.p. 174-175° (corr.). 
(Found: C, 40*8; H, 3-8%. C 17 H 17 0 6 FeCl4 requires C, 40-8; H, 3-4%.) 

Nitrodimethylravenelin . After the addition of HNO a (1*5 ml. sp.gr. 1*42) to 
a solution of trimethylravenelin (0*1 g.) in acetic acid (5 ml.), the nitro-derivative 
crystallized (0*1 g.) in a few minutes in the cold. It separated from acetic acid 
in flat, elongated, rather irregular prisms, m.p. 224-226° (corr.). (Found: 
C, 58*4; H, 4*0; N, 4*4%. C 16 H 13 0 7 N requires C, 58*0; H, 3*9; N, 4*2%.) The 
derivative is orange in mass and pale yellow by transmitted light under the 
microscope. It is insoluble in aqueous NaOH but its alcoholic solution becomes 
intensely greenish brown on the addition of ferric chloride and this reaction 
confirms the loss of a methyl group indicated by the analytical results. 

Action of 8odamide on trimethylravenelin. Very little reaction occurred when 
the 'experiment was conducted in boiling benzene solution during 8| hours. A 
mixture of trimethylravenelin (2*5 g.), powdered sodamide (10 g.) and xylene 
(50 ml.) was refluxed (bath at 145-150°) for 7 hours. Tee was added to the 
cooled mixture and the xylene layer separated, dried and distilled. After the 
removal of the solvent there remained a nitrogen-free oil (1*5 g.) which distilled 
at 0*5 mm. (bath at 195°). (Found: C, 70-2; H, 6*6; MeO, 33*9%. C ie H 18 0 4 
requires 0, 70*0; H, 6*6; 3MeO, 34*0%.) This trimethoxymethyldiphenyl ether 
could not be induced to crystallize, but it was characterized and identified by 
means of its tetrabromo-derivative, m.p. 152°, which is described below in 
connexion with the synthetic specimen of unambiguous constitution. 

Ethyl ether of phenyldihydro-0-trimethylravenelin (ethyl ether of a phenyltri- 
methoxyxanthydrol). A solution of trimethylravenelin (0*3 g.) in benzene (10 ml.) 
was added to one of phenyl magnesium bromide (bromobenzene, 2*4 g.; mag¬ 
nesium, 0*4 g.; ether, 8 ml.) and the mixture was refluxed for 4 hours. The mass 
was decomposed with water, diluted with benzene and the benzene layer 
separated and extracted with successive small volumes of cone. HC1 until these 
extracts were pale in colour. The orange-yellow aqueous acid solutions were 
neutralized with ammonia and the precipitated solid was collected (0*35 g.) and 
boiled with alcohol. This process ethylated the carbinol and the colourless ethyl 
ether crystallized in twinned, flat, rhombic plates, m.p. 166° (corr.). (Found: 
C, 73*6, 73*9; H, 6*4, 6*5 %. C^H^O* requires C, 73*9; H, 6*5 %.) On treatment 
with cold aqueous HC1 the ether was hydrolysed and an orange-yellow solution 
of the corresponding xanthylium salt was obtained. 

Synthetical experiments bearing on the constitution of ravenelin . 

2:5-Dimethoxy-4-bro?notoluene. 2:5-Dihvdroxy-4-bromotoluene [Clark, 1892] 
was methylated by means of methyl sulphate aud NaOH in aqueous acetone 
solution. The dimethyl ether orystallized from alcohol in polyhedra, m.p. 90-91 1 
(corr.). (Found: Br, 34*4%. C9H n 0 2 Br requires Br, 34*7%.) 

2:5:3'-Trimethoxy-4-methyldiphenyl ether (III). 2:5-Dimethoxy-4-bromo- 
toluene (11*6 g.), ra-methoxyphenol (6*2 g. purified as described by Perkin et al. 
[1926]) and powdered potassium hydroxide (2*8 g.) were dissolved in a little 
alcohol and the solution heated (bath at 200-220°) for 7 hours. At first alcohol 
distilled and later a little of the bromo-compound and water. The product was 
isolated by means of ether and distilled, b.p. 192-195°/2*5 mm. (4*8 g.). The 
distillate solidified and the substance crystallized from methyl alcohol as stout, 
colourless prisms, m.p. 72-74° (corr.). (Found: C, 70*1; H, 6*6%. C 16 H 18 0 4 
requires C, 70*0; H, 6*6%.) 

The tribromo-derivative was prepared by the addition of bromine to a moder¬ 
ately concentrated solution of the ether in acetic acid. It crystallized from methyl 
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alcohol in colourless needles, m.p. 130°. (Found: C, 37*5; H, 3*2; Br, 46*7%. 
Ci«Hi 6 0 4 Br 3 requires C, 37-6; H, 2-9; Br, 47-0%.) 

2:5:3 f ‘Trimethoxy-3-methyldiphenyl ether (IV). This substance was prepared 
in exactly the same way as the isomeride last described, but starting from 
2:5-dimethoxy-3-bromotoluene [Kohn & Steiner, 19311 (11*6 g.). 5 g. of a 
colourless oil, b.p. 165-166705 mm. were obtained. (Found: C, 70-1; H, 6*5 %.) 

The tribromo-derivative was obtained under the following conditions. The 
trimethoxymethyldiphenyl ether (0-1 g.) was dissolved in acetic acid (1-5 ml.) 
and bromine (0*5 ml.) added gradually with stirring. After 2 min. the product 
(0*15 g.) was isolated after the addition of aqueous sodium bisulphite. The 
derivative crystallized from methyl alcohol in colourless needles, m.p. 133° 
(corr.). (Found: C, 374; H, 3*3; Br, 47*2%. C 16 H 15 0 4 Br 3 requires C, 37*6; 
H, 2*9; Br, 47*0%.) 

The characteristic tetrabromo-derivative is obtained when an excess of 
bromine is added to a mixture of the ether with about three times its volume of 
acetic acid and, if the scale of the operation is so small that the liquid does not 
become warm as the result of the reaction, the mixture is heated to 50° for 1 min. 
After allowing to cool, aqueous sodium bisulphite is added and the precipitate 
collected and crystallized from methyl alcohol, in which the substance is very 
sparinglv soluble, and from ethyl alcohol. It crvstallizes in well-shaped, colour¬ 
less prisms, m.p. 152°. (Found: C, 32-7; H,‘ 2*6; Br, 54*6%. C 16 H 34 0 4 Br 4 
requires C, 32*6; H, 2*4; Br, 54*3%.) This tetrabromo-compound was prepared 
from the product of decomposition of ravenelin trimethyl ether with sodamide 
and had m.p. 152°, alone or mixed with the synthetic specimen. The crystal 
forms and solubility relations of the two specimens were also identical. The 
colourless solution in concentrated sulphuric acid becomes successively pink, 
yellow, brown and reddish brown on heating. 

4:5:3'-Trimethoxy-2-methy1 diphenyl ether (V). This was prepared like the iso- 
merides from 3:4-dimethoxy-6-bromotoluene [Heap el al. 1927; Erdtmann, 
1933] and had b.p. 160-16270*2 mm. The distillate crystallized from alcohol, 
separating as colourless prisms, m.p. 68-69° (corr.). (Found: C, 70*6; H, 6*0%.) 

Tetrabromo-derivative. This was prepared by the action of an excess of 
bromine on a cold solution of the ether in thrice its weight of acetic acid. 

The product crystallized from methyl alcohol, in which it was more readily 
soluble than the isomeride described above, in colourless, elongated prisms, 
m.p. 115°, (Found: Br, 54*7%. C 16 H 14 0 4 Br 4 requires Br, 54*3%.) It may be 
noted that considerable depressions of melting-point were observed on mixing the 
various tribromo- and tetrabromo-derivatives described in this memoir. 

Intermediates for the synthesis of 1:4-trimethoxy-3-mcthyLranthone (VI). These intermediates 
have all been previously described, but the methods of preparation have been improved. 

m-Bromotoluquinone [Claus & Jackson, 1888] (80 g., m.p. 93°) was obtained by oxidation of 
crude 4:0-dibromo-o-cresol [Kohn & Segel, 1925] (206 g.) by means of chromic acid (200 g.) in 
acetic acid (1 litre) and water (700 ml.) at 60°*( maxi mum). The quinone (00 g.) was reduced by 
means of stannous chloride (100 g., hydrated) in cone. HC1 (100 ml.) and water (200 ml.) at 80° 
(maximum). The quinol separated on cooling and was collected and directly methylated by means 
of methyl sulphate (100 ml.) and 25% aqueous NaOH in methyl alcohol (200 ml.). After isolation 
there were obtained 44 g. of 3-bromo*2:5-dimethoxytoluene, b.p, 133°/13 mm, 

2-Hydroxy-4-methoxybenzaldoxime [cf. Spath & Klagcr, 1934] (73 g., m.p. 140°) was obtained 
from 2-hydroxy-4-methoxybenzaldehyde [Tiemann & Parrisius, 1880; method of A. M. & R. 
Robinson, 1932] (06 g.) by oximation (hydroxylamine hydrochloride, 50 g.) in pyridine (200 ml,) 
for 1 hour on the steam-bath. When the oxime (69 g.) was refluxed with acetic anhydride ml,) 
fox 3 hours, an acetyl derivative wets produced and this was isolated and hydrolysed by heat ing 
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with 10% aqueous NaOH (300 ml.) during 15 min. on the steam-bath. On acidification of tho 
solution 2-hydroxy-4-methoxybenzonitrile (44 g., M.r. 179°) separated and was purified by 
crystallization from aqueous methyl alcohol. 

2'(2\‘5'-lJimethoTy-m-tolylo?y)-4‘methoxybenzow acid (related to VIII). Potassium (3 g.) was 
dissolved in alcohol (30 ml.) and the solution mixed with 2-hydroxy-4-methoxybenzonitriJe 
(11*4 g.), 3-bromo-2:5-dimethoxytoluene (18 g.) and copper bronze (0-3 g.); the whole was then 
heated at 200° for 8 hours. The neutral products were isolated by means of ether and distilled, 
giving: 

(а) 2-5 g., b.p. 105-170°/12 mm. (nearly all at 105-110°), b.i\ 218-220°/751 mm. This was 
identified as 2:5-dimethoxytoluene [of. Krdtmann, 1933). 

(б) 2*7 g., B.r. 120-170°/0*15 mru., crystallizing on cooling and separating from methyl alcohol 
as long, colourless needles, m.p. 90*3\ (Found: C, Ofi-4; H, 5*0; X, 9*1%. Calc, for C # H 0 O a X: 
C, fifi*3; H, 5-5; X, 8*C»° 0 .) This was identified as 2:4-dimethoxybenzonitrile and afforded 2:4- 
diinethoxy benzoic acid, m.p. 108°, on hydrolysis with baryta. 

(r) 2*0 g., b.p. 178-188°/0* 13 mm., solidifying on cooling and separating from alcohol, light 
petroleum (b.p. 80-100°) or aqueous acetic acid as short colourless prisms, m.p. 94-95°; analysis 
indicated that this consisted essentially of 2-cyano-5:2 / :5 / -trimethoxy-3'-mcthyldiphenyl ether 
(VJII), but it was contaminated with a small proportion of a substance of lower carbon content. 

(d) 0-3 g., b.p. 188-200°'013 mm., largely the same nitrile as (r). 

The formation of 2:4-dimethoxybenzonitrile is the result of a curious reaction and the substance 
was also obtained for purposes of comparison by methvlation of 2-hydro vy-4-methoxybenzonitrile 
by means of methyl sulphate and 10% aqueous XaOH in methyl alcoholic solution. The purified 
substance* had m.p. 90*5°, alone or mixed with the reaction product mentioned above. 

The fractions (r) and (d) afforded the desired acid on hydrolysis. The cyanotrimethoxymethyl- 
diphenyl ether (100 mg.) was refluxed with barium hydroxide (10 g.) and w r ater (10 ml.) for 12 hours. 
The cooled solution was acidified with HC1, tho precipitate collected and the acid redissolved in 
aqueous XaOH and reprecipitated. It was then crystallized from alcohol, separating in the form 
of microscopic, elongated, rhombic prisms, M.r. 208° (corr.) (20 mg.). (Found: C, 04*2; H, 5*9%. 
0 17 H 18 O 6 requires (\ 041: H, 5-7%.) 

1:4:6-Trimcthoxy-3-methylxanthone (TX). Tho carboxytrimethoxymethyl- 
diphenvl ether (40 mg.) was boiled with phosphoryl chloride (7 ml.) for 3 min. 
The deep yellowish brown solution was mixed with water and made alkaline 
with NaOH, and the solid was collected (30 mg., m.p. 155°). The substance 
separated from alcohol as tiny rods, m.p. 157° (corr.). (Found: C, 68*0; H, 5*5%. 
C 17 H 16 0 5 requires C, 68-0; H, 5-3%.) The melting point was depressed on 
admixture with O-trimethylravenelin, but, although different from this sub¬ 
stance, the synthetic product exhibits a general resemblance to it. 

The deep yellow solution in cone. HC1 gives a yellow precipitate on the 
addition of a concentrated solution of FeCl 3 in the same solvent. 

Summary. 

The dried mycelia of the fungi Helminthosporium Ravenelii Curtis, a plant 
pathogen parasitizing the grass Sporobolus indicus R., and Helminthosporium 
turcicum Passerini, the causative agent of leaf blight disease of maize, Zea Mays 
L., have been shown to contain considerable amounts of a hitherto undescribed 
methyltrihydroxyxanthone, for which the name ravenelin is proposed. Ravene- 
lin, C 14 H 10 O 5 , has been shown to be 3-methyl-l:4:8-trihydroxyxanthone, and a 
number of derivatives and breakdown products are described. The optimum 
cultural conditions for the production of ravenelin by H. Ravenelii have been 
determined. 

We deBire to express our indebtedness to Mr W. K. Anslow for much technical 
assistance during the preparation of crude ravenelin. 
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In a previous communication [Raistrick & Smith, 1935] the metabolism at 24° 
of five strains of Aspergillus terreus Thom on the well-known Czapek-Dox 
solution, which contains KC1 as the sole source of chlorine, was described. It 
was shown that two of the strains, Ac 100 and No. 45, produced a new water- 
soluble mould metabolic product, terrein, C 8 H 10 O 3 . From all five strains the 
metabolism solutions gave, after the glucose was nearly all consumed, pre¬ 
cipitates on addition of HC1, the largest amounts being given by the two strains 
Ac 100 and No. 45. Ether extraction of the acid precipitate from Ac 100 gave 
eitrinin C 13 Hj 4 0 5 , the crystalline yellow colouring matter first isolated from 
PeniciUium citrinum Thom [Hetherington & Raistrick, 1931], whilst extraction 
of the precipitate from No. 45 gave a crude crystalline material, m.p. 193-196° 
decomp., the composition of which forms the subject of the present communi¬ 
cation. This material consists essentially of a mixture of two new mould meta¬ 
bolic products containing chlorine, for which the names proposed are geodin, 
C 17 H 12 0 7 C1j, m.p. 235° (decomp.), and erdin, C 16 H 10 O 7 Cl 2 , m.p. 211° (decomp.). 
The properties and some derivatives of these products are described. 

Since it is believed that this is the first recorded instance of one of the lower 
fungi giving rise to metabolic products containing chlorine, it was necessary to 
prove that these substances are true metabolic products and not artefacts. The 
metabolism solution shows very strong reducing properties and, since HC1 was 
used for acidification, it was possible that the chlorinated compounds were 
formed by addition of HC1 to some very reactive substance in solution. Even 
if it were proved that the same compounds could be obtained by using H 2 S0 4 
for acidification there would still be a doubt, unless it could be shown that the 
KC1 originally present in the culture medium disappears during the course of 
metabolism. An experiment was therefore carried out in which estimations of 
chloride in the metabolism solution were made every few days during the 
incubation period. It was found that, after an initial lag of a few days during 
which a good mycelial felt was established, the amount of chloride ion in solution 
diminished at approximately the same rate as the glucose and, after no further 
utilization of glucose occurred, the amount of chloride in solution was approxi¬ 
mately 6% of Ihe quantity originally present. At this stage addition of HjSO* 
to the metabolism solution, while removing practically no chloride from the 
solution, gave a heavy precipitate, identical in appearance with that obtained 
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by using HC1, and containing almost 50 % of the chlorine originally present (as 
KC1) in the culture medium. From the acid precipitate thus obtained, pure 
samples of geodin and erdin were isolated. There can thus be no doubt that these 
two substances are true metabolic products. A further confirmation is provided 
by the fact that neutral solutions of the sodium salts of both geodin and erdin 
give, on addition of FeCl a , heavy grey precipitates turning brown on standing, a 
characteristic reaction given also by the metabolism solution of the mould. 

It obviously became of interest to test whether brominated and iodinated 
metabolic products corresponding to geodin and erdin could be isolated from 
metabolism solutions of A . ter reus, grown on Czapok-Dox media containing 
equivalent amounts of KBr or KI in place of KC1. Unfortunately, although 
practically normal growth was obtained on such media, no metabolic products 
containing bromine or iodine could be isolated. 

It is of interest to note the announcement by Nolan [1934; Hardiman et al. 
1935] of the isolation of two lichen acids containing chlorine, gangaleoidin, 
C 18 Hi 4 0 7 C] 2 , from Lecanora gangaleoides, and diploicin, C 16 H 10 O 5 Cl 4 , from 
Buellia canescens. Although we have as yet no evidence of structural relation¬ 
ship, the close similarity between the empirical formulae of these lichen acids and 
of the new mould products is suggestive. 

Work is at present in progress on the molecular constitution of geodin and 
erdin and will be reported in a future communication. 


Experimental. 

Details of the cultural conditions and of the method of isolation of the crude 
ether-soluble fraction of the acid precipitate have already been given [Raistrick 
& Smith, 1935, p. 609], 

Chlorine metabolism . 

100 flasks of Czapek-Dox solution (glucose, 50 g.: NaN0 3 , 2-0 g.; KH 2 P0 4 , 
1*0 g.; KC1, 0*5 g.; MgS0 4 , 7H 2 0, 0*5 g.; FeS0 4 , 7H 2 0, 0*01 g.; distilled water, 
1 litre), 350 ml. in each litre conical flask, were sown with a spore suspension of 
A. ter reus, strain No. 45, and incubated at 24°. Single flasks were used at intervals 
for estimation of residual chloride in solution and of apparent residual glucose 
by polarimeter. Direct estimation of chloride was rendered impossible by the 
fact that the metabolism solution, after about 14 days’ incubation, rapidly 
reduces AgNO s . Treatment with lead acetate removes interfering substances, 
but the precipitate carries down some chloride even although the total chloride 
in the original culture medium is less than that contained in a saturated solution 
of PbCl 2 . It was found, however, that norit charcoal will completely remove all 
interfering substances and does not adsorb any chloride. The metabolism 
solution, when the glucose has been reduced to about 1 %, is dark brown in 
colour, gives a thick brown precipitate when"acidified, reduces AgNO a , KMn0 4 
or iodine rapidly in the cold and gives a lieavy grey precipitate on addition of 
FeCl s . After treatment in the cold with 4-5% of norit the solution is colourless, 
gives no precipitate on acidification, does not reduce AgNO s ,,reduces KMn0 4 
only slowly and gives no reaction with FeCl 3 . The minimum amount of norit 
required is 4 g. per 100 ml. solution until the glucose is reduced to about 0*4% 
and thereafter 5 g. per 100 ml. It was shown by tests on Czapek-Dox solution 
that norit does not adsorb any of the chloride in the medium but that the 
solution extracts a very small amount of chloride from the norit, equivalent to 
0*0016 g. KGl per 5 g. norit. This was, of course, allowed for in all estimations. 
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The actual method of estimation was to shake 100 ml. of metabolism solution 
with 5 g. of norit for 10 min. in the cold, filter and collect exactly 85 ml. of clear 
filtrate, add HN0 3 and standard AgNO s solution and titrate the excess silver by 
the Volhard method. The results are shown in Table 1. 

Table I. 


Days’ 

Apparent residual 
glucose by 

Residual chloride 

incubation 

polarimetor % 

as KOI % 

0 

5*00 

0*0497 

9 

2*85 

0*0420 

12 

1-77 

0*0338 

14 

1*50 

0*0323 

17 

0-85 

0*0101 

19 

0*23 

0*0072 

21 

0-81 

0*0110 

24 

O’Sff 

0*0057 

20* 

0-37 

0*0034 

Acid filtrate 

0*0028 


* Average of 91 flasks. 

The figures take no account of evaporation of the medium during incubation. 
Actually, at the end of the period of incubation, the volume of filtered meta¬ 
bolism solution from 100 flasks, original^ containing 35 litres of medium is, 
on the average, 31 litres. 

There was some irregularity amongst individual flasks, and the figures 
obtained from analyses of the contents of single flasks do not give smooth curves 
for consumption of glucose and chloride. They show, however, that after an 
initial period during which the mycelial felt is being established the chloride 
disappears at approximately the same relative rate as the glucose. 

After 26 days’ incubation the contents of the remaining 91 flasks were 
filtered and the filtrate, 28 litres, divided into two equal portions, one being 
made acid to Congo red by addition of 75 ml. concentrated HC1, and the other 
acidified with an equivalent amount (375 ml.) of 2N H 2 S0 4 . Flocculent brown 
precipitates were formed in both solutions, the two being identical in appearance. 
The precipitates were filtered off, washed with water until free from acid and 
chloride and dried in vacuo. The two were identical in weight, 15*5 g. Residual 
chloride was estimated in the filtrate obtained after acidification with H 2 S0 4 . 
As seen from Table I it was slightly less than before acidification but the 
difference is very small compared with the total amount of chlorine in the 
precipitate. Estimation of chlorine in the crude HgSC^ precipitate gave 11*4%. 
The chloride originally present in the culture medium is therefore accounted for 
as follows: 

0*0497 % KC1 in 15*925 litres medium (half of 91 flasks) = 3*764 g. Cl. 

0*0034% KC1 in 14 litres metabolism solution=0*226 g. Cl=6% original. 

11*4% Cl in 15*5 g. acid precipitate = 1*767 g. Cl=47% original. 

Unaccounted for= 1*771 g. Cl=47% original. 

The two acid precipitates, obtained by acidification with HC1 and H 2 S0 4 
respectively, were exhaustively extracted with ether, side by side in Soxhlet 
extractors. The crystalline material collecting in the flasks was filtered off at 
intervals and the ether mother-liquors were evaporated to obtain further crops 
until only tarry matter remained. The total amounts of crude crystalline material 
obtained were, respectively, ex HC1 precipitate 7*25 g.; ex HgS0 4 precipitate 
7*28 g. The two lots were apparently identical and both were shown, by fractional 
crystallization as described below, to consist essentially of geodin and erdin. 
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Fractionation of crude crystalline material . 

Fractional extraction with ether of the combined acid precipitates from 
several 100-flask experiments resulted in a partial separation of the two sub¬ 
stances. The more soluble fractions melted at about 195° with blackening and 
vigorous evolution of gas and gave a colourless crystalline sublimate when 
further heated to 230°. The first crops obtained from the later extracts, repre¬ 
senting the less soluble material, melted at about 220° with evolution of gas but 
did not blacken or give any sublimate on further heating to 250°. All the 
fractions were pale buff in colour and dissolved readily in dilute NaOH to give 
bright yellow solutions which could be back-titrated quite sharply with HC1. 
The various fractions were sorted according to the optical rotations of the neutral 
solutions. For the fractions of low m.p. [<x] 5461 varied from + 7° to 4*50°, whilst 
fractions which showed no blackening on heating gave [a]^ approximately 
-f 70°. Calculations from the specific rotations, under these conditions, of geodin 
(4 72°) and erdin (zero) showed that the two substances were present in approxi¬ 
mately equal amounts in the crude material. Attempts at further fractionation 
with ether were unsuccessful, the two substances having almost equal solu¬ 
bilities, and hence the preliminary separation depended on the relative solu¬ 
bilities in presence of the brown tarry material which was always extracted along 
with the crystalline products. A fairly clean separation was effected by using 
CHClg, in which geodin is readily soluble and erdin very sparingly soluble. Each 
crude fraction was boiled with CHC1 8 , 10 ml. for each 1 g. of geodin present, the 
solutions being filtered hot and diluted with 2 vol. of ether. On cooling, geodin 
separated in good yield in rosettes of fine needles, pale brown in colour, m.p. 225- 
230° (decomp.). Recrystallization from ethyl acetate gave fine needles, still 
brownish, m.p. 235° (decomp.), and further recrystallization did not raise the 
m.p. By sublimation in a high vacuum at 200° the trace of brown colouring 
matter was eliminated, the sublimate consisting of a micro-crystalline powder of 
a clear pale yellow colour, m.p. 235° with evolution of gas but without any 
sublimate. 

The residues from the GHC1 3 extractions were crystallized several times from 
ethyl acetate and erdin was thus obtained as pale yellow needles, m.p. 211°, 
blackening with evolution of gas and giving a sublimate in the form of long 
colourless needles when heated to 230°. 

It was shown, by fractional crystallization of the crude crystalline material 
from ethyl acetate, that geodin and erdin do not owe their chlorine content to the 
use of CHC1 S as solvent, but this method is much more tedious than the one 
involving the use of CHC1 3 . 

Properties and analyses of the new metabolic products. 

All analyses except OCH a estimations were carried out by Schoeller (Berlin). 
Determinations of mol. wt. by the cryospopic method were carried out by Dr 
A. E. Oxford, to whom we tender our-test thanks. 

Geodin, 

Geodin, C 17 H 12 0 7 Cl2, crystallizes from a mixture of 1 vol. CHClg and 2 vol. 
ether as pale yellow, fine needles, m.p. 235°, with evolution of gas but without 
blackening or the formation of a sublimate. (Found: (a) on sample ex HC1 
precipitate, C, 5M0,51-01; H, 3-09,3-00; Cl, 17-01,17-80; OCH a , 15-55,15-87%. 
Mol. wt. cryoscopac in dioxan, 380; (6) on sample ex precipitate, C, 51*10; 

H, 3-00; Cl, 17-46%. (OCH a ) a requires C, 51-13; H, 3*03; CB/I*77; 
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20CH 3 , 15*55%. Mol. wt. 399.) Optical rotation: in CHC1 3 (c=0*8), 

MS 1 + ITO 0 . MR+149 0 . 

Geodin is insoluble in water or light petroleum, very sparingly soluble in 
benzene or ether, somewhat more soluble in alcohol or ethyl acetate and dis¬ 
solves readily in chloroform, acetone or dioxan. The solution in alcohol gives on 
addition of FeCl s solution a dirty green colour changing to brown, whilst a 
neutral solution of the sodium salt gives a heavy brownish grey precipitate. 
The substance dissolves readily in NaHOO s solution. 

Titration . If dissolved in a slight excess of 2V r /10 NaOH and the solution 
immediately back-titrated with A/10 HC1, geodin behaves as a dibasic acid. 
Equivalent thus found 198; 199. On long standing, or on heating with excess of 
alkali, decomposition takes place. The neutral solution of the disodium salt has 
[al^ + 72*r,[a]^ + 65*6°. 

Identification of alkoxyl groups. 1 g. of geodin was dealkylated by heating 
with HI and the gaseous products were passed into freshly distilled dimethyl- 
aniline. Colourless plates (1*03 g.) were rapidly deposited and, at the end of the 
reaction, were filtered oft, washed with ether and recrystallized from absolute 
alcohol. (Found: 1, 48*1%. 0 6 H 5 .N(CH 3 ) 3 I requires I, 48*25%.) The corre¬ 
sponding compound C 6 H 5 .N(OH 3 ) 2 .C 2 H 6 l is not crystalline and requires I, 
45*8%. Hence the alkoxyl groups are methoxyl. 

Action of diazomethane on geodin. Geodin (1 g.) was suspended in dry ether 
and treated with an excess of ethereal diazomethane. There was vigorous 
evolution of nitrogen and the mixture turned bright pink. At the end of the 
reaction there was present a considerable amount of red crystalline solid. This 
was filtered off and washed with ether; wt. 0*93 g., m.p. 151° decomp. A further 
0 03 g. was obtained by evaporation of the ethereal mother-liquor. Under the 
microscope the material appeared as colourless crystals with a small amount of 
rod dye adsorbed rather than as red crystals. By short boiling in MeOH solution 
the red colour was destroyed and, on cooling, the solution deposited fine colour¬ 
less needles, m.p. 151° decomp.; insol. in NaHC0 3 . (Found: C, 50*31, 50*35; 
H, 3*51, 3*56; N, 0*31, 6*27; Cl, 15*35, 15*64; OCH 3 , 20*33, 20*37%. Mol. wt. 
cryoscopic in nitrobenzene, 419. C le H 7 0 4 N 2 Ci 2 (0CH) 3 requires C, 50*10; H, 3*54; 
N, 6*15; Cl, 15*58; 3O0H 3 , 20*43%. Mol. wt. 455). Treatment with diazo¬ 
methane therefore results in the introduction of one new methyl group and the 
addition of one molecule of CHgNg, presumably at a double bond. The substance 
is optically active, having, in benzene (c = 0*9) [a] .^ — 58°, [a] ^,—44°. 

Catalytic reduction ; dihydrogeodin. Geodin (1 g.), dissolved in cold absolute 
alcohol (250 ml.) [a] -h 152° was shaken with hydrogen in presence of a catalyst 
prepared from palladium chloride (0*5 g.) and charcoal (1*5 g.). The uptake of 
gas was very rapid, being complete in 30 sec., and the volume absorbed corre¬ 
sponded with the entry of two hydrogen atoms into the molecule. The catalyst 
was filtered off and the alcoholic solution, now optically inactive, was evaporated 
in vacuo to 40 ml. On addition of 2 vol. of H 2 0 dihydrogeodin separated as fine 
needles of a bright yellow colour, m.p. 216-217° decomp, raised to 229° ex ether- 
light petroleum; yield 0*84g. (Found: C, 51*05, 50*76; H, 3*72, 3*70; Cl, 17*59, 
17*45; OCH 3 ,15*46 %. C 17 H U 0 7 C1 2 requires C, 50*87; H, 3*52; Cl, 17*68; 20CH S , 
15*47%,) Dihydrogeodin is readily soluble in alcohol, ether, ethyl acetate or 
acetone and almost insoluble in H 2 0, CHC1 3 , C e H e or light petroleum. Its 
alcoholic solution gives an olive-green colour with FeCl 3 . 

Acetylation of geodin . Attempts to prepare an acetyl compound of geodin 
have so far been unsuccessful. Treatment with acetic anhydride and pyridine 
in the cold led to dark brown tarry products. Heating geodin (1 g.) with a 
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mixture of acetic anhydride (4 ml.) glacial acetic acid (6 ml.) and anhydrous 
sodium acetate (2 g.) at 140-150° for 20 min. gave a mixture of substances which 
were apparently acetyl derivatives of breakdown products. 

Erdin. 

Erdin , C 16 H 10 O 7 Cl 2 , was obtained by crystallization from ethyl acetate as 
fine yellow needles, m.p. 211°, with blackening and vigorous evolution of gas. 
Frothing increases as the temperature is raised and at 225-230° a sublimate 
collects in the upper part of the m.p. tube in the form of long colourless needles. 

Erdin clings most tenaciously to the solvents used for its purification and 
these cannot be removed completely even in a high vacuum. Henoe the analyses 
submitted below are not in themselves sufficiently conclusive to establish beyond 
doubt the empirical formula for erdin. Fortunately the crystalline product 
obtained by the action of diazomethane on erdin (see below) was obtained free 
from solvent and the results of its analysis leave no room for doubt that erdin 
itself has the empirical formula C 16 H 10 0 7 C1 2 . 

Thus a sample of erdin recrystallized from ethyl acetate containing a little 
ethyl alcohol lost no weight on heating in nitrogen at 110°, but apparently 
contained 0-5 mol. of ethyl alcohol. (Found: C, 50*08, 50-06; H, 3-31, 3-29; 
Cl, 17-20, 17*30; OCH 3 , 11*5, 11-4%. Mol. wt. cryoscopic in dioxan, 297, 292. 
C^OeCyOCHa), 0*5C 2 H 5 OH requires C, 50 00; H, 3-21; Cl, 17*38; OCH 3 
(1*5 groups) 11*4%. Mol. wt. if completely dissociated in dioxan, 272. 
C 16 H 7 O e Cl 2 (OCH 3 ) requires C, 49*87; H, 2*62; Cl, 18*42; 10CH S , 8*06%. Mol. wt. 
385.) 

Erdin crystallizes from a mixture of 1 vol. dioxan and 2 vol. H 2 0 in beautiful 
yellow rectangular plates containing 1 mol. dioxan and 2 mol. H 2 0 of crystal¬ 
lization, m.p. 193° decomp. (Found on air-dried sample: C, 47*31,47*46; H, 4*31, 
4*30; Cl, 14*03, 13*80%. C 16 H 10 O 7 Cl 2 , 2H 2 0, C 4 H 8 0 2 requires C, 47*14; H, 4*35; 
Cl, 13*93%.) OCH 8 could not be estimated since dioxan is decomposed by HI 
to give an indeterminate amount of C 2 H 5 I. A sample dried to constant weight 
at 135° lost 23*70 % and had m.p. 210-211°. Calculated loss of 1*5H 2 0 + C 4 H 8 0 2 , 
22*6%. Analysis of the dried product showed that 0*5 mol. H 2 0 was still re¬ 
tained. (Found: C, 49*00, 49*01; H, 2*88, 2*84; Cl, 17*82, 17*84; OCH 8 , 7*83, 
7*96 %. C 15 H 7 0 6 C1 2 (0CH 8 ), 0*5 H 2 0 requires C, 48*73; H, 2*81; Cl, 18 00; 10CH 3 , 
7*87%.) Further heating at 150° in a high vacuum resulted in no further loss. 
(Found: C, 48*98, 49*13; H, 2*82, 2*71; Cl, 17*93, 17*96%.) At higher tem¬ 
peratures obvious decomposition occurred. The substance could not be sublimed 
unchanged in the highest vacuum attainable with a mercury diffusion pump. 

Titration . Erdin titrates in the same way as geodin, reacting as a dibasic 
acid and decomposing slowly in presence of excess of alkali; equiv. wt. 192. 
C 16 H 12 0 7 Cl2, 0*5H 2 0, as a dibasic acid requires 197. 

Optical rotation . Both erdin itself and its disodium salt are optically inactive. 

The solubilities of erdin are closely similar to those of geodin except that it is 
only very slightly soluble in CHCl a * It also shows reactions with FeCl 3 identical 
with those given by geodin, giving a dirty green colour turning brown in alco¬ 
holic solution, and a heavy grey precipitate as the sodium salt in H a O. Like 
geodin also erdin dissolves readily in NaHCO s solution. 

Action of diazomethane on erdin . Erdin (1 g.) was suspended in dry ether and 
treated with an excess of ethereal diazomethane. The reaction proceeded exactly 
as with geodin, the product being bright pink and almost insoluble in ether; yield 
0*94 g.; m.p. 154°; insol. in NaHCO s . By crystallization from MeOH colourless 
needles were obtained, m.p. 154° (decomp.), mixed m.p. 142-144 Q Wdth the 
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corresponding product from geodin (m.f. 151°). (Found: C, 50-15,50-32; H, 3-62, 
3-53; N, 0 - 21 , 6-22; Cl, 15-53, 15-69; OCH 3 , 20-45, 20-32%. Mol. wt. cryoscopic 
in nitro-benzene 435. C 16 H 7 0 4 N 2 C1 2 (0CH 3 ) 3 requires C, 50-10 ; H, 3-54; N, 6-15; 
CJ, 15-58; 30CH S , 20-43 %. Mol. wt. 455.) By the action of diazomethane, there¬ 
fore, two new methoxyl groups have been introduced and one molecule of CHgNg 
added on, the product having the same empirical formula and containing the same 
number of methoxyl groups as the corresponding product from geodin. Unlike the 
latter, however, the product from erdin is optically inactive. This fact, together 
with the depression in m.p. noted above, leaves no doubt that the substances are 
not identical. 

Catalytic reduction ; dihydroerdin. Erdin (1 g.) dissolved in absolute alcohol 
(100 ml.) was shaken with hydrogen in presence of a palladium-charcoal catalyst. 
Hydrogenation proceeded exactly as in the case of geodin, 2 atoms of hydrogen 
being taken up in approximately 30 sec. The catalyst was filtered off, the solution 
evaporated in vacuo to 40 ml. and water added till the solution was faintly 
turbid. The product crystallized in bright yellow needles (0-86 g.), m.p. 240° with 
evolution of gas and formation of a colourless crystalline sublimate resembling 
that obtained from erdin itself. For analysis the material was dried at 80° over 
CaCl 2 in vacuo, there being no further loss in weight at 110° in vacuo. (Found: 
0, 48-90, 48-92: H, 3-38, 3-27; Cl, 17-80, 17-77 %. C 16 H 12 0 7 CJ 2 requires C, 49-61; 
H, 313; Cl, 18*32%. C IG H 12 0 7 C1 2 ,0-5H 2 0 requires C, 48-48; H, 3-31; Cl, 
17-90 %.) Dihydroerdin, like the parent substance, erdin, thus contains 0-5 mol. 
of water of crystallization which cannot be removed even by intensive drying. 

Dihydroerdin, which is optically inactive, is readily soluble in ether, alcohol, 
ethyl acetate or acet-one, and practically insoluble in H 2 0, light petroleum, 
CH0l 3 : or C 8 H 6 . In alcoholic solution it gives an olive-green colour with FeCl 3 . 
0-5 g. treated with ethereal diazomethane gave a thick yellow oil which could 
not be crystallized. 

Acetylation . On acetylation of erdin with acetic anhydride, glacial acetic acid 
and anhydrous sodium acetate, a mixture of substances was obtained which has 
not yet been satisfactorily fractionated. 

Experiments on culture media containing bromide and iodide. 

Experiments were carried out with a view to finding whether A. terrens can 
utilize bromide and iodide and build up metabolic products similar to geodin 
and erdin but containing bromine or iodine in place of chlorine. 

35 litres of a modified Czapek-Dox solution, containing 28 g. KBr in place 
of 17-5 g, KC1, were distributed in 100 flasks in the usual way and sown with a 
spore suspension of A . terreus No. 45. Growth was rapid and very similar to that 
on the normal medium. Attempts to estimate residual bromide were unsuccess¬ 
ful, the method used for estimation of chloride being inapplicable owing to the 
norit adsorbing an appreciable amount of bromide from solution. After 24 days 
the residual glucose was 0-37 % (polarimeter), the solution being dark brown and 
giving a definite precipitate on addition of mineral acid. The contents of all the 
flasks were therefore filtered and the clear solution acidified by addition of 
700 ml. of 2 N H 4 SO 4 . The precipitate was filtered off, thoroughly washed and 
dried in vacuo . It was thus obtained as a brown powder, 10-7 g. No halogen 
could be detected in the dry precipitate by the usual tests. Extraction with 
ether gave a considerable amount of tar and a small quantity (0*85 g.) of brownish 
crystalline material, m.p. 200-210° decomp. Tests for the presence of bromine in 
this material were negative. 
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In a second experiment the KC1 of Czapek-Dox solution was substituted by 
an equivalent quantity (39 g.) of KI. Growth was rapid and fairly normal, there 
being somewhat more variation amongst individual flasks than when the normal 
medium was used. After 24 days the glucose in solution was reduced to 0*31 %, 
and the contents of all the flasks were then worked up. The dry acid precipitate, 
10 g., which was almost black and carbonaceous, contained no iodine and gave 
only a small amount of tar on extraction with ether. 

Summary. 

A strain of Aspergillus terreus Thom, when grown at 24° on Czapek-Dox 
solution containing KC1 as sole source of chlorine, gives rise to two hitherto 
undescribed, chlorine-containing metabolic products for which the names geodin , 
C 17 H 12 0 7 C1 2 , and erdin , C 16 H 10 O 7 Cl 2 , are proposed. Methods of isolation and 
certain derivatives are described. The substitution of KBr or KI for KC1 in the 
Czapek-Dox medium did not result in the isolation of brominated or iodinated 
metabolic products, although practically normal growth of the mould was 
obtained. 

This work has been rendered possible by a grant to one of us (G. S.) from the 
Research Council of Imperial Chemical Industries, Ltd., to whom we tender our 
best thanks. 
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CLXXXIX. BACTERIOLOGICAL AND BIO¬ 
CHEMICAL RELATIONSHIPS IN THE 
PYOCYANEUS-FLUORESCENS GROUP. 

I. THE CHROMOGENIC FUNCTION IN 
RELATION TO CLASSIFICATION. 

By GEORGE EDGAR TURF1TT. 

From the Department of Biochemistry , University College , Nottingham. 

(Received 19 June 1936.) 

In the system of bacterial classification proposed by a committee of the Society 
of American Bacteriologists [Bergey, 1934], the very closely related green 
fluorescent bacteria occurring chiefly in .soil and water are grouped together as 
the genus Pseudomonas. In common with most other bacterial characteristics 
pigmentation has, from time to time, been considered a variable cultural factor. 
According to Gessard [1890], a given strain of B. pyocyaneus may, by suitable 
cultural methods, be induced to form the fluorescent pigment alone, pyocyanine 
alone or the two pigments simultaneously. Charrin & Phisalix [1892] record the 
persistent abolition of chromogcnic function with B. pyocyaneus. More recently, 
Baerthlein [1918] has obtained, by selection of colonies, six variants from a single 
strain of B. pyocyaneus. His original strain gave two types of colony, (1) dry, 
opaque colonies, containing short, stumpy cells, (2) moist, translucent colonies 
of long slender bacteria. Each of these gave three further variants (a) in colour¬ 
less colonies, (h) in pale green colonies, producing the green fluorescent pigment 
but not the blue pyocyanine, and (r) in deeper green colonies, producing both 
fluorescent pigment and pyocyanine. From this it would seem a matter of 
extreme difficulty, if not actually impossible, to decide definitely whether a given 
bacillus is one of the fluorescent type or merely a strain of B. pyocyaneus which 
has lost its typical property of producing the blue pyocyanine, or whether it 
belongs to the group at all . 1 Previous observations (unpublished) in connexion 
with another problem have led the author to believe that pigment production 
in this group might probably be much more constant than has hitherto been 
supposed. The investigations described in this paper were undertaken in an 
endeavour to ascertain to what extent the chroinogenic function can be regarded 
as invariable and of sufficient fundamental importance to act as the basis for 
the classification of these bacteria. 

Experimental. 

(1) Bacteriological examination of fluorescent, bacteria. 

The bacteria used (100 strains) were isolated as follows: 25 strains from water 
(River Trent, canal water, reservoirs, etc.) 25 from fresh faeces (man. animal, 

1 A comprehensive survey of the literature is included in a thesis, ‘ The Metabolic Pigments 
of the Pyocyaneus-Fluorescena Group,” to be presented by the author for the degree of Ph.D. 
(bond.), 1936. 
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fowl), 25 from soil and the remainder from various widely differing sources; in 
every case growth on agar slants was accompanied by diffusion of a greenish 
fluorescence through the medium, this being the criterion for inclusion amongst 
the stock strains. In addition, pure cultures of B . pyocyaneus , B. fluorescent 
liquefaciens and B. fluorescent non - liquefaciens were obtained from the National 
Collection of Type Cultures, Lister Institute, London (Catalogue Nos. 1999,964, 
3247 respectively). The standard bacteriological examinations were conducted 
in each case from 24-hour cultures on nutrient agar slants, and are briefly 
summarized: 

The cells, in every case, were small rods 0-5 x 2*0 n; the variation in size was remarkably small, 
and rods longer than 2*0 fi were found in only 7 strains. 

All were actively motile, but in several cases (chiefly from acid clay soil) the staining of flagella 
was unsuccessful. In tiie other strains, staining by the method of Gray [192(5] showed 1-3 polar 
flagella. 

Endospores and capsules were never encountered. 

The strains were invariably Gram-negative. 

Both liquefaction of gelatin and formation of indole occurred in about 70% of the strains. 
This figure is considerably higher than that of Tanner [1918] who, however, worked with fluor¬ 
escent bacteria solely from water. 

Approximately the same percentage of strains was found to be able to grow under anaerobic 
conditions in presence of nitrate or nitrite. This facultative anaerobic growth has been described 
very thoroughly in the case of B. pyocyaneus by Quastel et al. [1925]. 

No gas was obtained from carbohydrates, but in many cases a small amount of acid was pro¬ 
duced from glucose. 

Investigations on the pathogenicity of the various strains were not attempted. 

From a purely bacteriological standpoint the above examination shows 
that these strains form a homogeneous group of very closely related individuals, 
and on these characteristics alone little more can be said concerning their 
classification. 


(2) Cultural requirements for pigment production . 

Investigations on this much-debated subject [Gessard, 1890; 1892; Noesske, 
1897; Kuester, 1899; Jordan, 1899, 1,2; Sullivan, 1905 ; et al.] seemed to have 
culminated with the painstaking researches of Benecke [1907], who showed that 
the essentials for production of fluorescent pigment were Mg, phosphate, sulphate, 
and a very small amount of K+ ions, together with suitable sources of C and N. 
The subject was again reopened by Georgia & Poe [1931; 1932] and by Robinson 
[1932]; these workers agree, that in synthetic media requirements for production of 
fluorescence are available C and N, with Mg and phosphate. For the present work 
this conclusion has been accepted, and attention has been directed towards the 
discovery of media by means of which the stock strain of typical B. pyocyaneus 
might be induced to form (a) both pyocyanine and fluorescent pigment, (b) pyo- 
cyanine alone, (c) fluorescent pigment*alone, (d) neither pigment. The media 
used by Gessard [1890; 1891] were tried, but with the exception of the glycerol- 
peptone-agar described below they did not give altogether consistent results. It 
was thought better to use, wherever possible, media of definite chemical com¬ 
position in order that the exact conditions in any particular case might be 
repeated. Experiments conducted on many different media, involving numerous 
permutations, gave the following as optimum conditions. 

(a) The presence of peptone and of glycerol seemed to favour production of 
pyocyanine, whilst gelatin caused considerable formation of fluorescent pigxhent. 
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Ordinary double-strength broth, with the addition of 1 % glycerol, gave abun¬ 
dant production of both pigments. (No attempt was made to find a definite 
chemical medium here, since production of both pigments simultaneously was 
not required in connexion with the classification.) 

(b) On the following glycerol-peptone-agar medium [Gessard, 1891]: 

Medium A. Glycerol . 5 % 

Peptone . 2 % 

Agar ... ... ... 3% 

which should be neutral to phenolphthalein and sterilized by autoclaving for 
15 min. at 10 lb. pressure, there was profuse formation of pyocyanine but little 
fluorescent pigment. On slightly increasing the peptone constituent (2*5%), 
fluorescence was undetectable. No chemical medium tried gave pyocyanine at 
all comparable in quantity with that obtained on this medium. Various makes 
of peptone and agar were used, the best results being obtained from “Difco” 
Brand Bacto-Peptone and B.D.H. powdered agar; these products were used 
exclusively in the later work. 

(c) The medium recommended by Georgia and Poe [1931]: 

Asparagine. 0*3 % 

K 2 HP0 4 . 005% 

MgS0 4 ,7H 2 0 ... 005% 

Distilled water 

proved to be satisfactory in inhibiting pyocyanine production, whilst at the 
same time giving good yields of fluorescent pigment. In view of proposed 
attempts on the isolation of the green fluorescent pigment, and the enormous 
quantities of culture medium required, it was decided to find if possible 
a less expensive substitute for asparagine. After the trial of many C and N 
sources, the following liquid medium was evolved which gave very intense green 
pigment production and no pyocyanine detectable by extraction with chloroform: 

Medium B: NH 4 N0 8 . 0-1% 

K 2 HP0 4 . 0025% 

MgS0 4 ,7H 2 0 ... 0025% 

Distilled water 

This medium was sterilized by steaming in a Koch sterilizer at 100° during 1 hour 
on each of three successive days, after which 0*1 % freshly-boiled alcohol was 
added by means of a sterile pipette. Better results were obtained by the use of 
larger quantities than the usual culture tubes. Two-litre quantities of the 
medium, contained in plugged 2500 ml. flat-bottomed flasks, were inoculated 
from 24-hour agar slant cultures of B. pyocyaneus and incubated at 25°. After 
12 days the medium showed a green fluorescence and a cloudiness due to 
bacterial growth. On transferring the contents of one of the flasks to a 2000 ml. 
beaker, adding 5 ml. of a concentrated NaOH solution and warming to about 
85°, a thick white coagulum of protein formed on the surface of the liquid, which 
now was transparent and showed a bright green fluorescence. 

(d) If, from medium B, Mg or phosphate is omitted, growth still occurs and a 
cloudiness develops throughout the medium, but no colour is obtained. Similarly, 
if a trace of some heavy metal salt be added there is complete inhibition of all 
pigment formation, although growth proceeds. The minute amounts of salts 
present in tap-water will completely prevent the development of any colour if 
such water is used instead of distilled water in preparing the culture medium. 
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Medium C: NH 4 N0 3 

K2HP0 4 ... 
MgS0 4 , 7H 2 0 
FeS0 4 , 7H 2 0 
EtOH 


o-i% 

0-025% 
0-025% 
0-0001 % 
0 - 1 %. 


B. fluorescens liquefaciens and B. fluorescens non-liquefaciens were both 
cultured on the above media A, B, C, but the results obtained were widely 
different from those described for B. pyocyaneus. In no case was growth accom¬ 
panied by any pigmentation, although on broth and in the asparagine medium 
a greenish fluorescence developed. 

Each of the strains isolated from natural sources was subcultured three 
times at intervals of 7 days on each of the three media A, B, C, and incubated 
at 25°. They were found to fall, with respect to their chromogenic functions, into 
two sharply defined groups corresponding to (a) B. pyocyaneus, (6) B. fluorescens. 


(3) Constancy of the chromogenic function in B. pyocyaneus and B. fluorescens. 

According to Sullivan [1905] varieties of B. pyocyaneus producing pyocyanine 
alone and fluorescent pigment alone cannot be made to take up the production 
of the other pigment, although a variety producing both pigments may bo made 
to exhibit either or both. This view is somewhat at variance with Gessard’s [1890] 
results already quoted, and with the report of Meader et al. [1925] that all 
bacteria isolated by them from natural sources gave definite production of 
pyocyanine after subculture on Gessard’s glycerol-peptone-agar. 

During the past 18 months, intensive selective cultivation in this group has 
been carried out by the author. The stock strain of B. pyocyaneus has been sub¬ 
cultured repeatedly at intervals of 7 days upon each of the media A, B and C 
and incubated at 25°. It was thought reasonable to assume that if pigment 
production were a readily variable feature such treatment would modify to some 
extent this characteristic of the organism. At the end of the time, however, 
there appeared to have been no change in this respect, the other chromogenic 
features being readily recovered by subculture on the appropriate medium, thus 
substantiating the results obtained by Gessard [1890]. Spontaneous degeneration 
with loss of chromogenic power [see Jordan, 1899, 1, 2; et al.] has not been 
encountered in this investigation. 

These experiments were carried out in addition with B. fluorescens and also 
with certain selected natural strains (No. 3 from canal water; No. 37 from human 
faeces; No. 69 from uncultivated soil; No. 81 from snow), but no permanent 
change in the colour-producing properties was ever observed. B. fluorescens and 
Strains 69, 81 could not at any time be induced to form pyocyanine, whereas 
Strains 3, 37 behaved exactly as the stock strain of B. pyocyaneus. In view of 
these results, the observation suggests itself that the bacteria used by Meader 
et al. [1925] were, without exception, strains of B. pyocyaneus, especially as they 
report that their organisms were isolated from environment in close proximity 
to man. 


Discussion. 

The very unsatisfactory present state of bacterial classification may be 
accounted for almost entirely by the ever increasing records of variation. 
Biological characters have, in various instances, been supplemented for ^purposes 
of classification by consideration of purely chemical features. The genus Lacto* 
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bacillus , for example, is composed of organisms producing a common metabolic 
product, lactic acid, on carbohydrate media. The formation of a metabolic 
product, whether it ultimately serves some useful purpose or whether it is merely 
a waste product, is a relatively constant property and as such is more especially 
suited to act as the basis for the classification of the organism producing it. So 
distinctive a property as the production of a diffusible, green fluorescent pigment 
in the culture medium, would seem a very convenient basis for classification of 
the responsible organism, subject to the provisions that, firstly, the green pig¬ 
ment is of the same chemical composition in each case; secondly, the organisms 
are not widely differentiated by their morphological and cultural characteristics: 
and thirdly, the chromogenic function is sufficiently invariable. Emphasis is 
placed on the second point, since certain fluorescent organisms of the genus 
Phytomonas are almost identical morphologically and culturally with those of 
the genus Pseudomonas. Even should subsequent research indicate the identity 
of the green pigment from both groups, the differentiation of the two genera 
would perhaps still be satisfactorily accomplished on the pathogenicity for plants 
displayed by the former organisms. There still remains the possibility that the 
Phytomonas and Pseudomonas organisms would be better considered as distinct 
species of a genus whose generic characteristic is the production of a diffusible, 
green fluorescent pigment. In the present paper, the work has been con¬ 
cerned with the second and third of the points outlined. An investigation on 
the isolation of the green fluorescent pigment, and the comparison of its com¬ 
position in a number of selected bacteria is nearing completion. The results, 
which show the pigment to have an identical composition in the cases examined, 
will be communicated as a second part to this paper. 

The allocation, then, of the green fluorescent bacteria in a single genus 
{Pseudomonas) is strongly supported by definite biochemical evidence. Whilst 
it is not suggested that the chromogenic function shall serve as more than the 
generic character, there remains the evidence that within the group the media 
quoted appear to differentiate between two constant forms: 

(1) B. pyocyaneus (Pseudomonas aeruginosa (Schroter) Migula). 

(2) B. fluorescens (Pseudomonas fluorescens (Fliigge) Migula). 

The conclusion that the fluorescent group of bacteria contained these two 
constant forms had been reached on different evidence by various workers 
[Ruzicka, 1899: Niederkorn, 1900], many years before the introduction of the 
genus Pseudomonas. 

Whether the chromogenic function really provides a basis for the further 
differentiation into species is a problem which must, for the present, remain 
undecided. The possibility of the discovery of other media giving a finer se¬ 
paration of species within the genus cannot bo overlooked. 

Summary. 

1 . Evidence has been obtained for the classification of the pyocyaneus- 
fluorascens group of bacteria into a single genus on the basis of their chromogenic 
function. 

2. Media have been elaborated upon which a very marked constancy in 
pigment production is exhibited by these bacteria. 
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CXC. STUDIES UPON THE MODE 
OF ACTION OF VITAMIN D. 

I. INVESTIGATIONS UPON THE PHOSPHORUS 
COMPOUNDS IN MUSCLES, LIVER AND KIDNEYS 
AS INFLUENCED BY DIFFERENT LEVELS OF 
VITAMIN D AND PHOSPHORUS IN THE DIET. 

By RAGNAR NICOLAYSEN. 1 

From the Nutritional Laboratory, University of Cambridge and 
Medical Research Council. 

(Received 23 June 1936.) 

In recent years evidence has been obtained that vitamin D may play an im¬ 
portant part in intermediary P metabolism. Thus in deficiency disease change in 
concentration of P compounds has been demonstrated not only in blood but also 
in tissue. The question as to whether vitamin l>acts in a specific way on inter¬ 
mediary P metabolism and, if so, how it acts, is however far from solved, as will 
be seen from a short review of earlier investigations in this field. 

Sharpe [1922] estimated the phospholipins in livers from normal and rachitic 
dogs. This work is perhaps open to the criticism that the livers had been pre¬ 
served in formalin. This substance is often contaminated with formic acid, and 
it is noteworthy that the phospholipins are unstable in the presence of acids. 
Nevertheless it is difficult to understand how this could cause the striking 
decrease in concentration of phospholipins which he found in the rachitic dogs’ 
livers. Cole & Koch [1931] estimated the acid-insoluble P (i.e. the protein and 
phospholipin-P in one fraction) in muscles from normal and from rachitic rats on 
McCollum diet. They found a reduction of the “muscle-P”, and conclude that 
“the results suggest that the irradiated ergosterol simply hastened the transfer 
of muscle-P to bone formation at the expense of this type of muscle-P. However, 
the quantitative handling of this fraction was so difficult that the difference may 
not be significant The total lipin- and protein-P in this series of investigations 
was sometimes lower than the usual P content of the muscle lipin alone, and it 
seems desirable to repeat the experiments before such an important suggestion 
can be accepted. McGowan [1933] suggests that vitamin D acts by setting free 
“nasoent phosphoric acid ” from the phospholipins of the liver. The experimental 
evidence for this mode of action of vitamin D is not given. Kay [1932] estimated 
inorganic P and add-soluble P in liver and kidneys from normal and rachitic 
rats—partly using Steenbock’s, partly McCollum’s diet. The results, as Kay 
points out, are not very easy to interpret. However, they give the impression 
that the phosphoric esters are reduced to some extent in rickets. The clearest 
results were those of Skill & Kay [1934] in beryllium rickets where a great 
reduction was seen both in inorganic and in ester P. Cole & Koch also estimated 
the add-soluble fraction of muscle-P; there was, however, no marked difference 
between normal and rachitic animals. Hentschel & Zoeller [1927] investigated 
total and inorganic P in the muscles of normal rats and rats on McCollum’s 

1 Rockefeller Research Fellow. 
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diet, Sherman-Pappenheimer’s diet and a modified Steenbock diet. They failed 
to find any regular alteration in the total P, but more often the inorganic P 
was greatly reduced, increasing towards normal on antirachitic treatment. They 
state, however, that the rachitic rat muscles generally contained more water 
than those from normal animals. 

In addition to the well-known reduction of inorganic P in rickets other 
fractions of the blood-P are also stated to be affected. Skill & Kay [1934], 
in the experiments mentioned above, found a reduction of phosphoric esters 
in red blood cells in rachitic rats, particularly striking in the severe beryllium 
rickets. The withdrawal of beryllium from the diet was followed by an increase 
towards normal. Bakwin et ah [1932] found that in rachitic infants the frac¬ 
tion of the blood P easily hydrolysed by mineral acids—pyrophosphate—was 
reduced from 14 to 11 mg. per i00ml. Jacobsen [1933] obtained analogous 
results in experimental rickets. Heymann [1931] claims that the reduction of 
inorganic P of the serum in rickets is accompanied by increased ester P. The 
concentration of ester P in serum is so small, however (about 0-5 mg./lOO ml.), 
that analytical results cannot be very reliable. 

It remains to be decided whether the abnormal values observed in different 
P compounds are due purely to P starvation, or to a disturbance in the correct 
balance between the various P compounds due to the absence of the regulating 
action of vitamin D. Although a complete analysis of the different P compounds 
in the various tissues is at present impossible, by estimation of inorganic P, 
phosphagen, readily and difficultly hydrolvsable esters, lipin- and protein-P. on 
a diet containing various levels of P and vitamin D, one should gain a fairly 
good impression of what takes place. 


Experimental. 

The experiments were carried out on rats. These animals were bred in the 
laboratory and fed on the same stock diet as their mothers from weaning until 
the commencement of the experiment, when they weighed about 50 g. They 
were then placed on one of the following experimental diets: 


Steenbock-Black rachitogenic diet. 


I. 1 76% maize meal. 
20% wheat gluten. 
3% CaC0 3 . 

1 % NaCl. . 

Ca : P=4’7. 


IT. As I with vitamin D (50 i.r. 
calciferol daily, dissolved in 
arachis oil and administered b v 
pipette). 

P-rich diet . 


III. 78 % maize meal. IV. P-rich diet III with vitamin D 

20 % wheat gluten. (50 i.u. calciferol daily). 

1 % CaHP0 4 . 

1 % NaCl. 

Ca: P=0*7. n 

Overdo8age of vitamin D. 

V. Rats nos. 21, 22 and 23 were kept on the rachitic diet I until they de¬ 
veloped typical rickets according to X-ray examination. They were then given 
massive doses of vitamin D over a very short period. No. 21 received 100,000 
units 24 hours before killing: no. 22 reoeived 50,000 units 48 hours and 24hours 


1 Also called groups I, II, etc. 
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before killing; rat no. 23 received 50,000 units on each of the 3 days before killing. 
These experiments were carried out in this way to ascertain whether a rapid 
interchange could be induced between any of the P compounds. Rachitic animals 
were used as the effect might be expected to be more clearly demonstrated in 
these. The results, as will appear later, were mostly negative, and in consequence 
the same experiments were repeated on two normal rats On a P-poor diet in 
order to have less interference by P absorption from the gut. These two rats 
were treated in exactly the same way as rat no. 23, thus receiving in all 150,000 
units in 3 days. 

VI. As diet I but with addition of about 100,000 units vitamin D distributed 
over 10-14 days. 

Condition of hone#, etc. in various groups . 

All the rats kept on diet I developed rickets according to X-ray observations 
in about 2 weeks. After killing the tibiae were cut by a longitudinal antero¬ 
posterior section. The bones were not well calcified, the proximal epiphyseal 
cartilage being about 1 mm. broad with irregular borders. The rats on diet II— 
normal according to X-ray—had epiphyseal cartilage about 0*5 mm. broad in 
upper tibiae with very regular sharp borders. The rats on diet III were all 
normal, the bones being better calcified than in group II and the epiphyseal 
cartilage only about 0*25 mm. broad. 

The rats on diet IV were all normal, and had the most intensely calcified 
bones, with epiphyseal cartilage of the same shape and size as in group III. 

Of the rats in group V the three rachitic animals had fresh deposits of bone 
salts in a broad epiphyseal cartilage; rat no. 23 however had very soft bones, 
indicating that, together with the dejx>sit in the hypertrophic cartilage, a dis¬ 
solution of already formed bone had taken place such as is well known in severe 
hypervitaminosis-l). In rata nos. 24 and 25 hardly any epiphyseal cartilage was 
recognizable, owing to fresh deposits of calcium salts; the bones, however, were 
not so fragile as in rat no. 23. 

The rats on diet VI, also, had hardly any recognizable epiphyseal cartilage, 
but the sub-epiphyseal region seemed to be very sparingly calcified. Two rats in 
this group died; both had calculi in the pelvis of the kidneys. Thus the whole 
picture was that of typical hypervitaminosis-D. In Table III the body weight 
and average daily increase in body weight are given. These diets, well balanced 
with regard to Ca and P, seem to promote quicker increases in body weight than 
the P-poor Ca-rich diet. The average daily increase for the animals on diet V 
is given only until the commencement of overdosage, as this resulted in a loss in 
weight amounting to 5 g. 

The rats were killed by decapitation and bled. During this period there 
occurred clonic convulsions, usually lasting 10-20 sec.; occasionally only a few 
spasms were seen. 

Estimation of acid-soluble P. 

As quickly as possible, samples of muscles (always the same muscles), liver and 
kidneys were weighed out. For extraction and analysis of the fractions of acid- 
soluble P in muscles the procedure of Eggleton & Eggleton [1929] was used with 
slight modifications in addition to those introduced by Miigge [1933] and King 
[1932]. The add-soluble P of liver and kidney (one side for this purpose, the other 
for dry weight estimation), was extracted in the same way as for muscle, and 
inorganic, pyrophosphate and total P estimated in the usual way. 

Instead of calculating with a presumed water content of the tissue as 
Eggleton did, the same dilution calculation as for blood was used. 
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The acid extracts of kidney and liver were neutralized with sodium hydroxide 
to prevent a possible liberation of inorganic phosphate from the esters as de¬ 
scribed by De Toni [1929] for blood filtrates. 

Estimation of lipin - and protein-P. 

As soon as possible—always within 30 min.—the precipitates were washed 
twice with about 15 ml. water to each g. of tissue, centrifuged and the super¬ 
natant fluid filtered through the same filter paper as had been used for obtaining 
the trichloroacetic acid filtrate. The precipitates were then transferred quan¬ 
titatively to 100 ml. volumetric flasks with the aid of repeated washings with 
96% alcohol until a volume about 75 ml. was reached. They were then boiled 
5-10 min. in a water-bath, cooled and made up to volume. The samples for 
lipin-P determination were obtained partly by filtration under watch glass and 
partly by centrifuging in tubes tightly covered with tinfoil. 15 ml. each of muscle 
and kidney filtrate and 5 ml. of liver filtrate were ashed with 1*5 ml. 60% 
perchloric acid, and the P analysis carried out as previously described for the 
ashed samples. The proteins were centrifuged from the alcoholic lipin extract, 
washed once with about 15 ml. of alcohol and thereupon quantitatively trans¬ 
ferred back to the 100 ml. volumetric flask by several washings with water. 
3-4 N NaOH was then added giving a final concentration of about 010 N. The 
flasks were placed in a beaker of boiling water and boiled gently until all pro¬ 
teins were dissolved, cooled and made up to volume. Aliquot parts w r ere then 
taken for P determinations, which were performed in the same way as the lipin- 
P estimation. Duplicate estimations were run on one sample of tissue in all the 
above-mentioned analyses. This was considered quite safe as duplicate experi¬ 
ments on two samples of muscle, liver and kidneys from the same animal always 
gave concordant results. 

Discussion. 

The results obtained on all animals are given in Tables 1, II and III, which 
give the results of the analysis on the muscles, liver and kidneys respectively. 
The body weight and average daily increase in weight are given in Table III. 

Phosphagen. The results for muscle demonstrate that there is too great a 
variability in the phosphagen to allow any comparison at all. The variation is at 
least to some extent due to the changing intensity in the convulsions following 
decapitation; the highest values were always obtained when only a few spasms 
occurred. It was thought safer, however, to carry on with this way of collection 
of the sample. It always provided organs with approximately the same low 
content of blood, thus giving more homogeneous results. Samples taken from 
living narcotized animals are subject to considerable variation in blood con¬ 
tent, as in the case of muscles and particularly the liver. According to Bauer 
et ah [1932] the liver acts as a blood reservoir for the right heart, storing or 
giving up blood under the influence of various stimuli. As the concentration 
in the blood of some of the P compounds under investigation is entirely different 
from the concentration in the tissue, a varying blood content might constitute 
a serious source of error. In the samples taken from these experimental animals 
only traces of blood were seen when the portal vein was cut; in muscles and kid¬ 
neys hardly any blood was detectable. 

Phosphagen and inorganic phosphate . We may next consider the sum of 
inorganic P and phosphagen-P as one group, since the result of a breakdown of 
phosphagen is a corresponding increase in inorganic phosphate. There is no 
phosphagen in liver and kidney, and we find that, in the same experimental 
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Table I. Muscles. 


mg. P in 100 g. fresh tissue in 


Rat 

no. 

I 

Inor¬ 

ganic 

phos¬ 

phate 

a 

Phos¬ 

phagen 

1 + 11 

Readily 
hydro- 
ly sable 
esters 

Diffi¬ 

cultly 

hydro- 

lysable 

esters 

Phospho- 

lipins 

Pro- ♦ 
teins 

o 

'O 

Water 

Diet 

1 

30 

21 

57 

33 

58 

55 

44 

75 

Without D, 

2 

30 

23 

59 

33 

57 

50 

39 

75 

I 

3 

38 

24 

02 

35 

50 

40 

39 

74 

(Ca: P--4-7) 

4 

33 

29 

02 

31 

60 

47 

40 

70 

5 

39 

21 

00 

35 

50 

40 

40 

73 


6 

40 

22 

08 

35 

54 

50 

37 

76 

With D, 

7 

60 

10 

00 

38 

04 

51 

41 

74 

II 

8 

54 

13 

07 

32 

00 

53 

44 

73 

(Ca: P*4-7) 

» 

52 

25 

77 

39 

54 

54 

40 

73 

10 

42 

39 

81 

37 

51 

50 

41 

73 


11 

47 

14 

01 

34 

00 

50 

40 

73 

Without D, 

12 

37 

28 

05 

37 

01 

49 

39 

71 

III 

13 

51 

20 

71 

31 

50 

52 

43 

78 

(Ca: P5=0*7) 

14 

53 

14 

07 

31 

53 

51 

44 

71 

15 

54 

10 

70 

35 

05 

40 

44 

74 


Id 

51 

18 

09 

32 

00 

49 

44 

74 

With D, 

17 

50 

2o 

71 

34 

54 

51 

40 

74 

IV 

18 

54 

10 

70 

30 

00 

48 

43 

74 

(Ca: P-~0'7) 

19 

43 

27 

70 

33 

50 

48 

40 

70 

20 

50 

19 

75 

32 

53 

51 

43 

74 


21 

32 

33 

05 

37 

59 

49 

42 

70 

Hypervita- 

22 

38 

35 

73 

41 

51 

49 

40 

71 

minosis- D. 

23 

48 

20 

08 

30 

54 

48 

38 

73 

V 

24 

42 

31 

73 

30 

55 

45 

39 

71 

17 

II 

s 

25 

43 

37 

80 

37 

57 

44 

40 

73 

2(1 

53 

27 

80 

30 

50 

48 

42 

71 

Hvpervita- 

27 

32 

40 

72 

32 

53 

47 

41 

75 

minosis-D, 

28 

4o 

31 

71 

38 

52 

45 

42 

70 

VI 

29 

38 

31 

09 

30 

59 

40 

42 

74 

(Ca: P —4*7) 


group, the values for inorganic P in liver and kidneys are much more regular 
than those for muscles. By comparing the inorganic phosphate plus phosphagen 
content of muscles, and the inorganic phosphate in liver and kidneys from animals 
on a rachitic diet (group I) with those from animals on the same diet but 
receiving a daily addition of vitamin D as protection against rickets (group II), 
we find a definite reduction in these compounds in tissue from the rachitic 
animals. Vitamin D therefore increases the inorganic P in tissues just as it has 
been shown to do in blood. 

When the Ca content of the diet is reduced and the P content increased so 
that the diet is well balanced with regard to Ca and P, as in diet III, the animals 
do not develop rickets even when vitamin D is not added to the diet, and the 
inorganic phosphate in the tissue is kept at the same level as when vitamin D 
is added to a diet badly balanced with regard to Ca/P. The bones of these 
animals were even better calcified than the bones of the rats on the P-poorer 
diet with added vitamin D. Diet IV (addition of vitamin D to diet III) had no 
further effect on the inorganic P in the tissue than had diet III, but bone calcifi¬ 
cation was still better in this group. This is in agreement with the well-known 
fact that even with a good Ca/P balance in the diet, addition of vitamin D in¬ 
creases the retention of Ca and P. As there is no increase of these minerals m the 
soft tissue or in blood, it is clear that the increased deposition is confined to the 
bones. 
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Table II. Liver. 


mg. P per 100 g. fresh tissue in 


Rat 

no. 

Inor¬ 

ganic 

phos¬ 

phate 

Readily 

hydro- 

lysabie 

esters 

Diffi¬ 

cultly 

hydro- 

lysable 

esters 

Phospho- 

lipins 

Proteins 

° 0 Water 

Diet 

i 

25 

14 

51 

102 

104 

72 

Without D, 

2 

26 

12 

54 

101 

106 

71 

I 

3 

25 

14 

59 

123 

121 

71 

(Ca : P~4*7) 

4 

23 

16 

55 

107 

106 

72 


5 

24 

14 

58 

124 

129 

67 


0 

35 

14 

54 

146 

126 

72 

With D, 

7 

29 

18 

62 

160 

132 

67 

II 

8 

32 

12 

49 

135 

130 

67 

(Ca: P—4-7) 

9 

32 

13 

54 

149 

136 

71 


10 

30 

18 

54 

130 

119 

72 


n 

28 

13 

61 

130 

120 

r>7 

Without D, 

12 

27 

12 

64 

134 

124 

67 

III 

13 

30 

12 

61 

127 

127 

69 

(Ca: P =0*7) 

14 

27 

15 

64 

130 

124 

69 


15 

29 

13 

60 

138 

128 

69 


16 

27 

16 

61 

137 

127 

70 

With D, 

17 

29 

12 

63 

126 

115 

69 

IV 

18 

28 

11 

61 

126 

120 

70 

(Ca: P -0*7) 

19 

35 

10 

59 

157 

140 

71 


20 

27 

13 

50 

120 

114 

70 


21 

29 

15 

53 

130 

130 

67 

Hypervita- 

22 

29 

14 

52 

118 

117 

71 

niinosis-D. 

h 

28 

13 

61 

121 

116 

70 

V 

24 

29 

14 

57 

122 

128 

70 

(Ca: P--4-7) 

25 

30 

13 

57 

137 

128 

70 


26 

30 

13 

56 

130 

136 

71 

Hypervita- 

27 

29 

13 

00 

115 

115 

67 

minosis-I). 

28 

26 

13 

55 

119 

110 

68 

VI 

29 

26 

In 

66 

116 

114 

69 

(Ca: P=4-7) 


The effects of excessive amounts of vitamin D on the. inorganic P and phos- 
phagen. Vitamin D was administered in excess in two ways as previously 
described. In the first series of experiments rats received massive doses for 1~3 
days. As several authors have suggested that vitamin D might act by inducing 
a sudden liberation of inorganic P from organic compounds, this should be best 
demonstrated in experiments of short duration by administering very large 
doses of the vitamin to animals on a P-poor diet, under which conditions the 
absorption of P should influence the results to a small extent only. This experi¬ 
ment was first carried out on three rachitic animals; the only noteworthy result 
was an increase in the inorganic phosphate up to the level found in normal rats. 
Similarly this was the only effect obtained on two animals kept before the experi¬ 
ment on diet II (the same diet with normal amount of vitamin D). 

Secondly, experiments were carried out on rats kept on a rachitic diet but 
given a more moderate overdosage of vitamin D over about 2 weeks. No effects 
were obtained on the liver and muscles beyond those induced by small additions 
of vitamin D to this diet or by balancing the same diet correctly with regard to 
Ca and P with no vitamin D added. An immense increase occurred in the 
kidneys ; this was due to the deposition of calcium phosphate both in the tubule 
and in the pelvis of the kidneys, as is well known from the experiments of other 
authors, e.g. Harris & Moore [1929]. 
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Table III. Kidneys. 

mg. P per 100 g. fresh tissue in 


Average Diffi- 



Body 

weight 

daily 

Inor¬ 

cultly 






increase 

ganic 

hydro¬ 





Rat 

in wt. 

phos¬ 

lysable 

Phospho- 

Pro¬ 

% 

Diet 

no. 

g* 

g* 

phate 

esters 

lipins 

teins 

Water 

1 

62 

10 

30 

51 

100 

89 

79 

Without D, 

2 

71 

0-9 

27 

50 

102 

81 

78 

I 

3 

75 

10 

28 

66 

102 

77 

79 

(Ca : P —4*7) 

4 

68 

10 

30 

55 

102 

77 

79 

a 

78 

M 

30 

53 

91 

70 

79 


6 

68 

1-2 

36 

62 

111 

92 

77 

With D, 

7 

57 

0-8 

33 

57 

107 

87 

78 

11 

8 

57 

0-9 

37 

46 

111 

84 

79 

(Ca : P--4*7) 

9 

71 

10 

35 

60 

104 

87 

80 

10 

72 

10 

33 

61 

109 

85 

76 


11 

77 

1-7 

37 

69 

103 

84 

77 

Without D, 

12 

80 

20 

35 

52 

115 

91 

79 

ill 

13 

78 

1*5 

38 

62 

108 

82 

78 

(Ca : P = 0*7) 

14 

82 

1-7 

38 

61 

104 

85 

78 

ia 

79 

1-4 

39 

62 

110 

95 

77 


16 

74 

20 

37 

61 

111 

87 

78 

With D, 

17 

76 

16 

37 

58 

106 

86 

76 

IV 

18 

73 

1*5 

39 

64 

116 

80 

— 

(Ca:P = 0*7) 

19 

78 

1*5 

39 

65 

117 

85 

79 


20 

63 

1*4 

38 

00 

108 

84 

76 


21 

68 

0*8 

29 

57 

105 

86 

78 

Hvpervita- 

22 

73 

10 

39 

56 

101 

73 

79 

minosis-D, 

23 

75 

1*2 

37 

61 

107 

77 

79 

V 

24 

73 

0*9 

47 

55 

104 

80 

79 

(Ca :P = 4*7) 

25 

74 

1*0 

49 

64 

103 

80 

79 

20 

52 

0 

82 

66 

100 

87 

79 

Hyjiervita- 

27 

61 

0 

63 

56 

111 

88 

78 

minosis-D, 

28 

65 

0 

73 

52 

97 

85 

80 

VI 

29 

66 

0 

53 

61 

107 

86 

79 

(Ca : P=4*7) 


Variations in the esterified forms of P. In the readily hydrolysable esters— 
adenosinetriphosphate—we find the same variation in all six groups of rats, 
without any striking difference between one group and another. Occasionally 
we find a low value for inorganic P with a high pyrophosphate value in the same 
organ and inversely (compare livers from animals 16 and 19). This might appear 
to be due to analytical error. The pyrophosphate-P is the difference between P 
estimations after 7 min. hydrolysis by boiling with acid and a direct estimation 
of inorganic P in the same sample. When such values as mentioned above 
occurred, new analyses were made to ensure the correctness of the estimation. 
The same analytical results were always obtained. We know, however, that 
adenosinetriphosphate is formed by phosphorylation of adenylic acid. This may 
explain why an inverse variability of inorganic and pyrophosphate-P occurs in 
some animals. 

The ester-P hydrolysable with difficulty—adenylic acid and hexosephos- 
phates—varied from about 50 to 60 mg./lOO g. in all organs and in each group 
of animals. Slight differences between the various groups were observed, but it 
is rather doubtful if the variations are significant. 

That ester-P content can be influenced by further restriction of the P supply 
to the body is however shown impressively by Kay & Skill in their experiments 

Biochem. 1936 xxx 86 
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with beryllium rickets. In the animals where very severe rickets occurred there 
was a depression in ester-P (sum of readily and difficultly hydrolysable ester-P) 
from 80 to about 30 mg./lOO g. 

In the lipin-P of the muscles there is, in all groups, the same slight variability, 
without any difference from one group to another; the same can be said about 
the protein-P in the muscles. The variability in these P compounds in the kidney 
is about the same as in the muscles but an evident though slight reduction in the 
rachitic animals is apparent when the groups are compared. In the liver the 
variability of phospholipin- and protein-P is greater, but here also there is a 
definite reduction in the rachitic animals. Contrary to expectation slightly lower 
values for these compounds were given by diet IV as compared with diet II 
which demonstrates that the normal variability is not properly registered by 
using only five animals in each group. The conclusion must therefore be drawn 
with some care. It seems, however, justifiable to conclude that on a P-poor diet 
both the phospholipin- and protein-P in liver and kidneys will be decreased to 
some extent. Why this does not take place in the muscles cannot be decided from 
these experimental results. We know, however, that both the liver and kidneys 
are far more susceptible to pathological anatomical changes than muscles. This 
is observed both in acute infections and intoxications. When the nocuous agent 
disappears from the body a rapid recovery to a normal anatomical picture takes 
place. This may explain why rats given excessive doses of vitamin D for long 
periods had lower acid-insoluble P in the liver than the other animals, with the 
exception of the rachitic rats. 

It has been suggested by earlier authors that vitamin D acts by a sudden 
liberation of inorganic P from the acid-insoluble P compounds in tissue. If such 
a conclusion were to be justified the results should have been low acid-insoluble P 
in normal animals with an increase in rachitic animals. The inverse results have 
been obtained. 

With regard to the acid-soluble P it is noteworthy that in the present work 
a decrease in the inorganic fraction was observed, which is in contrast with the 
decrease in the ester fraction reported by Kay and other workers. This apparent 
discrepancy may be attributable to the fact that the variability in normal and 
rachitic animals, as determined not only by body weight and daily increase in 
body weight but also by the length of experiment and P retention, has not yet 
been established. 

When we find, as in these experiments, a depression in the tissue-P only after 
deprivation of vitamin D, and that this depression is eliminated by addition of 
P to the diet, the conclusion that the action of vitamin D in P metabolism, at 
least in rats, is to increase the supply of P from the intestinal contents to the 
blood stream, and thence to the tissue, seems well justified. There appears to be 
no evidence to support the view that vitamin D acts by maintaining a balance 
between the different forms of P in the organism. 

• 

Summary. 

1. In rachitic rats compared with rats on the same diet but with addition of 
therapeutic amounts of vitamin D there was a slight but definite reduction in the 
sum of inorganic P+phosphagen in muscles and in inorganic P in liver and 
kidneys. A reduction was also seen both in lipin-P and protein-P in the liver and 
kidneys from rachitic rats, but not in muscles. No definite change was observed 
in readily or difficultly hydrolysable esters in musoles or liver or in the difficultly 
hydrolysable esters in kidneys. 
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2. When P was added to the rachitic diet and the Ca content reduced, the 
animals remained normal and gave the same results for all P compounds as did 
animals on the rachitic diet with added vitamin D. 

3. Addition of vitamin D to this P-richer diet, although giving better calcified 
bones, had no influence upon the amount of the different P compounds in muscles, 
liver and kidneys. 

4. Overdosage by massive doses of vitamin D for short periods to rachitic 
rats increased the inorganic P to the normal level in muscles, liver and kidneys. 
The same experiments on rats given a rachitogenic diet, but protected from 
rickets by therapeutic amounts of vitamin D, showed only a slight increase of 
inorganic P in the kidneys. 

5. The same massive amounts of vitamin D administered over 2 weeks to 
rats on a rachitogenic diet resulted only in an increase of inorganic P in the 
kidneys up to double the normal content, presumably through the formation of 
deposits. 

My thanks are due to the Medical Research Council and to Dr L. J. Harris 
for their kind hospitality during this work. 
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Previous study of certain chemical properties of Chondrus crispus indicated 
that seasonal variations might be significant in the understanding of its meta¬ 
bolism [Butler, 1935]. With a view to obtaining such knowledge the present 
work was undertaken, the intention being to follow the changes noticeable at 
monthly intervals during the year. 

In order to eliminate ecological variations other than those which were 
seasonal, a series of monthly collections was made from the same location, 
situated on MacNab’s Island in Halifax Harbour [MacFarlane & Bell. 1933]. 
Collections were commenced in January 1931, and continued at monthly intervals 
until September when it was impossible to obtain another sample from that 
location. It was decided to begin collections at the same location in September 
of a year when no Chondrus had been collected previous to that month. 

It was impossible to collect in December of that year, but collections were 
obtained in September, October and November 1934, and in January 1935; a 
collection was also made in November 1935 and has been used by way of check. 
Reference to the figures, in all of which the two January levels are close, indicates 
that the hiatus in collecting has had no serious effect on the results. 

Treatment of collections. 

The Chondrus plants were picked from spots scattered over the whole area 
mentioned above (approximately 760 sq. ft.). As the plants are small, any one 
collection contained a sufficient number to eliminate individual variations. When 
brought into the laboratory they were spread on tables and allowed to dry at 
room temperature. The plants were then carefully picked to free them of all 
foreign matter, both plant and animal, and when thoroughly cleaned the air- 
dried plants were ground in a grain mill. Samples were dried in an electric oven 
at approximately 80° for 6 hours or more. 

Preparation of polysaccharide extracts. 

From each of the monthly collections described above the polysaccharide 
extract was prepared according to a* standard method previously described 
[Butler, 1934]. These are the extracts referred to throughout this paper. 

« 

Comparison of whole plants of Chondrus and their extracts. 

Chondrus. From January to April the plants are dark in colour, a reddish or 
greenish black; from May till August the colour becomes lighter; whilst from 
September to January the colour gradually becomes dark again. 

Extracts. The extracts are light and fibrous in texture, and are always 
sufficiently brittle to make it possible to powder them by grinding in a mortar. 

( 1338 ) 
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Such slight variations as were noticeable in the appearance of extracts seemed, 
in general, to follow the natural colour variations of the whole plants. 

Ash determinations (Pig. 1). Duplicate ash determinations were made on the 
monthly collections of Chondrus and on the extracts prepared from them. 
Ashing was carried out in an electric muffle furnace at approximately 600°. The 
results of the ash determinations on about 1 g. of the extracts were very satis¬ 
factory, only in one case was there a difference greater than 0*6% between 
duplicates. The results for ash of the whole plants were not bo constant as in the 
case of the extracts. Quite large differences occurred between duplicates, and 
many determinations were repeated. The maximum difference for any of the 
duplicates accepted for Pig. 1 was 1*6%. 



Month and year Month and year 


Fijz. l l . Ash in Chondrus. Fig. 2. Nitrogen in Chondrus. 

• Whole plants, o Extracts, • Whole plants, o Extracts. 

In general the plants and extracts show the same series of fluctuations, the 
changes becoming apparent slightly later in the extract. 

The percentage of ash is especially significant in the extracts, where only 
combined ash material is present. As has been pointed out previously [Butler, 
1934] the standard extract is not a single chemical substance but is a mixture of 
closely related ethereal sulphates. 

Any one, or all, of at least the following three types of sulphate esters may be 
present in the standard extracts: 

Type I. [22(0S0 2 0) s Ca] n . 

Type II. [(i?0S0 2 0) 2 Ca] n . 

Type III. [H0S0 2 0.£(0S0 2 0) 2 Ca] n . 

Within any one of these types R may vary in complexity, in composition or 
in both; and n may vary, as well as the cation. 

On ashing, types I and II break down in such a way as to retain in the ash 
as CaS0 4 one-half of the total sulphate ; in type III, however, only one-third of 
the total sulphate will be retained in the ash. 

It is suggested that in esters of these types a low complexity of carbohydrate 
will be associated with a high percentage of ash and from variations in the latter 

1 In each figure, the August and September points have not been joined because of the 
break in collecting at that time. Also, the November 1934 and January 1935 points have been 
connected with dotted lines because of the absence of the intermediate point. The extra point in 
each represents November 1935. 
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it might be possible to obtain some indio&tion of the complexity of the carbo¬ 
hydrate radicals. The results obtained will be discussed later in relation to these 
considerations. 

Nitrogen . 

The percentages of nitrogen in the monthly collections of Chondrus and in 
the extracts from each were determined by the Kjeldahl method. The results 
are expressed graphically in Pig. 2. 

It is readily seen that the percentage of nitrogen in the extracts depends 
directly on that present in the whole plants. This observation had been pre¬ 
viously made on extracts prepared from samples collected at widely separated 
places, as well as at different seasons [Butler, 1935]. 

Carbohydrate in whole plants and extracts. 

Since the amount of fatty material in Chondrus is negligible, the percentage 
of carbohydrate has been calculated as the difference between 100% and the 
sum of the percentages of crude protein and ash. 

Fig. 3 shows these results graphically, and it is evident that the general 
trend of variations is similar in plants and extracts. 

From the foregoing data, the assumption that variations in the extracts are 
expressive of variations in the plants themselves seems justified. From this point, 
therefore, attention has been directed to a more detailed study of the changes 
fairing place in the extracts, as being significant of those in Chondrus itself. 



Month and year Month and year 

Fig. 3. Carbohydrate in Chondrus by difference. Fig. 4. Ash and sulphate in Chondrus extracts, 

o Whole plants, • Extracts. • Total sulphate, o Ash. 

Variations in the extracts . 

Sulphate. The percentage of total sulphate in each extract was estimated, 
after hydrolysis in 5 % HC1, by precipitation with 10 % BaClg. A weighed sample 
(approximately 0-5 g.) of the extract was boiled for 5 hours under a reflux con¬ 
denser in 250 ml. of 5% HC1. The hydrolysed solution was then made up to 
volume again and 25 ml. aliquots were used for the sulphate determination. 
Aliquots of this same hydrolysate were used for estimating the percentage of 
reducing sugars present. 

The total sulphate results, given in Table I, col. (1), are averages of closely 
agreeing duplicates. 

In Fig. 4 the percentage of total sulphate in the extracts is compared, with 
that of ash. 
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Table I, Percentage of sulphate in extracts. 




a) 

(2) 

(3) 

(4) 



% so. 

%SO. calcn- 

% SO* lost in 

% total SO* 

Collected 

(after hydrolysis) lated from ash 

ashing 

retained in ash 

January 

1931 

27-97 

9-72 

18*25 

34-76 

February 

1931 

29-00 

10-04 

18*96 

34*61 

March 

1931 

28*53 

10-07 

18*46 

35*28 

April 

1931 

29*57 

10-23 

19*34 

34-58 

May 

1931 

28*13 

9-42 

18*71 

33*50 

June 

1931 

28*04 

11*18 

16*86 

39*88 

July 

1931 

29*70 

9*55 

20*15 

32*14 

August 

1931 

29-25 

13-77 

15*48 

47*09 

September 1934 

28*21 

12-06 

16*15 

42*75 

October 

1934 

28-07 

12-68 

15-39 

45*15 

November 1934 

28-31 

10*87 

17-44 

38*42 

January 

1935 

27-49 

8*76 

18*73 

31-87 

November 1935 

28-56 

11*69 

16-87 

40-95 


They are seen to correspond closely until May, after which, until November, 
when a falling off occurs in both, there appears to be no correlation. The sul¬ 
phate is a better indication of actual combined inorganic material than ash, 
because of the uncontrollable factors which may enter into the estimation of the 
latter. Sulphate was also estimated in the ash from each sample, and the amount 
present calculated as % S0 4 in the original extract. These figures, also, are 
given in Table I, col. (2), and, along with them, col. (4), the percentage of total 
S0 4 retained in the ash. 

Carbohydrate as reducing sugar . The reducing sugars present in the hydro¬ 
lysate described under “Sulphate” were determined in 2ml. aliquots by the 
Hanes modification of the Hagedom-Jensen technique [Hanes, 1929]. The 
results, expressed as percentage carbohydrate calculated as glucose, are given in 
Table II, col. (2), which includes also the percentages of carbohydrate obtained 
by difference, col. (1), corrected for the sulphate lost on ashing. 


Table II. Percentage of carbohydrate in extracts . 



(D 

(2) 


Carbohydrate by 

Carbohydrate 

Collected 

difference (corrected)* 

calculated as g 

January 1931 

51-31 

53-10 

February 1931 

47-05 

50-83 

March 1931 

47*55 

50-88 

April 1931 

47*39 

49-75 

May 1931 

56-56 

52-95 

June 1931 

59-68 

53-84 

July 1931 

62*31 

54-90 

August 1931 

59*12 

53-71 

September 1934 

61*27 

56-64 

October 1934 

60*94 

55-34 

November 1934 

56*93 

54-67 

January 1935 

49*75 

53-10 

November 1935 

58*04 

54-17 


* The correction was made by deducting the percentage of sulphate actually lost (see Table I, 
ool. (3)) as well as the ash and protein. 


The figures obtained by the two methods may be seen to agree fairly well 
during the low level of the early part of the year. In May, carbohydrate, cal¬ 
culated by difference, shows an increase; it may be that something is lost in 
ashing and is being calculated as carbohydrate by difference, though it has no 
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reducing power. The same sequence of changes is evident in both, even though 
the level is different, which suggests that relative values are correct although the 
absolute ones may not be. 

In Fig. 5 the variations in carbohydrate (calculated as glucose) are shown 
graphically, in relation to protein and sulphate. 



Month and year Month and year 

Fig. 5. 1 Carbohydrate, total sulphate and protein in ex- Fig. 6. Sulphate ratios in Chondrus extracts, 
tracts of Chondrus. • Carbohydrate, o Total Bulphate. . Sulphate in ash R Carbohydrate 

0 Protein. * Total sulphate # * r Total sulphate °* 

For the sake of clarity in the discussion which is to follow, two ratios have 
been included in Fig. 6; A, % S0 4 in ash/% total S0 4 , and B, % carbohydrate 
(calculated as glucose)/% total S0 4 . 

Discussion. 

As suggested in the section on ash determinations, variations in the percentage 
of ash in the extracts may be some indication of the complexity of the carbo¬ 
hydrate. By reference to Figs. 4 and 5 it may be observed that the experimental 
results only partially coincide with this assumption. During the early part of 
the year the percentage of ash is fairly high and that of carbohydrate low. Also, 
the period of low ash level, May to July, corresponds with the high carbohydrate 
one. From about October, however, percentages of both fall off together, sug¬ 
gesting the intervention of other factors. 

In considering the relation between ash and carbohydrate it should be 
remembered that for a similar carbohydrate complexity in all three esters, each 
will leave a different percentage of ash. 

Fig. 6, showing graphically the ratio of sulphate in ash to total sulphate, may 
be considered in interpreting the results, especially with reference to the type of 
ester predominating. It will be observed that from the beginning of the year until 
May, this ratio is such as to indicate a predominance of the acid salt (type III), 
in which it is 0*333. The ratio rises to that required by esters of type I or II 
(0*500) about the time (August) when the ash rises. From October, this ratio 
and the percentage of ash both fall oflF, which, taken together, might indicate a 
return to the acid salt. 

How do carbohydrate variations fit in with these ash and sulphate variations ? 
The low carbohydrate level from January to April may account for the rise in 

1 The scale of percentages in Fig. 5 is not continuous. In order to include the three graphs in 
the same figure, two breaks have been made. 
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sulphate percentage which accompanies it. In April when carbohydrate begins 
to rise, the percentage of sulphate drops, but from June to October they increase 
and then decrease together. During the time, then, when the previously con¬ 
sidered evidence seemed to point to predominance of the acid salt, the per¬ 
centage of carbohydrate is low. At the same time as it begins to increase, there 
is, according to the ash-S0 4 /total S0 4 ratio, a change to the normal type of salt. 
Simultaneously with the decrease in percentage carbohydrate (i.e. from October) 
there is, according to the sulphate ratio, a gradual return to the acid type of 
salt. 

Fig. 6 shows that the ratio is low until April, when it begins to increase along 
with carbohydrate; from September, it begins to fall, again along with carbo¬ 
hydrate. While the percentages of both sulphate and carbohydrate are in¬ 
creasing there is a drop in the ratio, so that even though the carbohydrate is 
increasing, it is not doing so in proportion to the sulphate. This drop of ratio in 
July, therefore, would seem to signify a greater increase of sulphate, such as 
would be necessary for a change to the normal salts. In July, when the lowest 
ash-S0 4 /total S0 4 ratio point occurs, a high percentage of carbohydrate is 
reached; but the percentage of sulphate is also high at this time. The steep rise 
in the ash-S0 4 /total S0 4 ratio, which follows this low point, would seem to 
indicate a more or less sudden change from type III salts to type I or II. Further 
evidence in support of this change in type is provided by the high level of 
carbohydrate/S0 4 ratio from September to January. From these considerations 
then, it appears that the normal salts predominate during the summer months, 
when the ash-S0 4 /total S0 4 and carbohydrate/S0 4 ratios (and ash) are high. 

A possible explanation might be that active assimilation beginning about April 
is responsible for the increase in the carbohydrate/S0 4 ratio. From September, 
when it may be assumed the reserve of carbohydrate material is highest, there is 
a gradual decrease of both carbohydrate and sulphate and, according to the 
sulphate ratio, a simultaneous reversion to the acid salt, as the supply of normal 
esters becomes finally exhausted in Januarj\ From then on until about April 
there is a decided drop in the carbohydrate/S0 4 ratio. The evidence of the 
sulphate ratio points to a predominance of the type III ester during this time. 

Comparison of the curves for^ total sulphate and for carbohydrate shows 
them to be more or less reciprocal until June, after which they fluctuate together 
until January. During this latter period a high level in their ratio occurs, so that 
it seems justifiable to assume the carbohydrate complexity to be high during 
that period, even after the drop of the ash-S0 4 /total S0 4 ratio indicates a return 
to the type III ester. 

From January until about April, i.e. during the time of most active cata¬ 
bolism, the carbohydrate/S0 4 ratio drops, possibly as the carbohydrate com¬ 
plexity decreases, whilst during the active anabolic phase, April to September, 
this ratio increases. 

It may be that the acid type of salt is the fundamental basis of the extract, or 
of the carbohydrate economy of the plant, and is always present. As a hemi- 
cejlulose it can be used in metabolism if required, but the normal esters are the 
surplus or storage forms which are first used. When the supply of these is 
exhausted, the ordinary acid ester is metabolized by a reduction in its carbo¬ 
hydrate complexity. 

Summary, 

A series of monthly collections of Chondrus crispus, made from the same loca¬ 
tion over a year period, is compared with the polysaccharide complex extracted 
from them in regard to ash, nitrogen and carbohydrate content. 
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Similar variations in ash content occur in both, though they are apparent 
later in the extracts than in the whole plants. 

The nitrogen present in the extracts is found to depend directly on the 
amount present in the Chondms plants. 

The percentage of carbohydrate is low until March or April when a rise begins 
and a high level is reached extending from May to October. 

The relationships of the sulphate retained in the ash and the total sulphate • 
of the extracts indicate predominance of an acid type of ester from January to 
May. From May till October esters of the normal type predominate. After 
October, until January there appears to be a gradual return to the acid type of 
salt. 

The relations of carbohydrate to total sulphate also indicate that the acid 
salt predominates from January to about May. 

The hypothesis is suggested that the supply of the carbohydrate complex 
synthesized during the summer months is largely of the normal ester types, and 
that after the supply of these has been used up, the acid type of ester alone 
remains to be metabolized. 
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I. DETERMINATION OF POTASSIUM IN SMALL 
QUANTITIES OF BLOOD AND TISSUES. 

A rise in blood potassium following adrenalectomy was first reported by 
Baumann ft; Kurland [1926], who found an average value of 28 mg./lOO ml. in a 
series of 11 cats. Hastings ft Compere [1931] found that serum potassium rose in 
dogs from an initial average concentration of 3 mM to one of up to 20 mM; 
these authors suggested that very similar values are encountered in potassium 
poisoning. Their paper does not, however, give any experimental details, such 
as the method for the determination of potassium or at which stage of adrenal 
insufficiency the samples were taken; moreover, the concentrations for normal 
dogs are distinctly lower than those reported by other authors. Kerr [1926], 
finds 4-7-S-6 mM, and the insufficiency values are higher than those reported 
by different workers. Zwemer & Sullivan [1934] reported an average value of 
34-7 mg./lOO ml. (22 determinations) with higher values in later insufficiency. In 
the human subject, Marafion et al. [1934] find maximum pre-mortal values of 49-5 
mg./lOO ml. with a mean value of 31*1 mg./lOO ml. in Addisonians. Urechia et al. 
[1935] state that serum K of cats may rise to as much as 250 mg./lOO ml. 
10 min. after adrenalectomy (7 cats, survival time 15-64 hours). The very short 
survival time of their animals suggests that death supervened rather from 
operative damage than from adrenal insufficiency, whilst the high values reported 
are indicative of some methodical error, since we have found that the extreme 
values, obtained at death from cats poisoned with potassium, do not exceed 
70 mg./lOO ml. (unpublished work). Loeb et al. [1933] ascribed the high potas¬ 
sium values in dogs to haemolysis, with liberation of K from the erythrocytes; 
since, however, the K content of dog corpuscles is not significantly higher than 
that of the plasma [Kerr, 1926] it should rather be considered that a high plasma 
K is also a symptom of adrenal insufficiency in dogs. 

Whilst high blood potassium has been found by most investigators in cortico- 
adrenal insufficiency, the actual levels found vary widely, and no systematic 
attempt has been made to correlate the symptoms with the blood potassium 
level. Further, the results are open to objection on several counts. Thus, Kerr 
[1926] has shown that the blood potassium of dogs may rise from 6*5 to 15 mM 
as a result of repeated haemorrhage. The amounts of blood taken for sampling by 
certain of the workers cited above were such as might be expected to lead to a 
s i mil a r result, as well as definitely to shorten the survival period. 

( 1345 ) 
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In the case of human blood, haemolysis of even a small percentage of the 
erythrocytes might lead to a very high value for potassium. Whilst it is our 
opinion that Marahon’s results are not due to this cause but represent the 
actual conditions in Addison’s disease, yet it is felt that a reinvestigation of blood 
potassium values in human adrenal insufficiency is desirable. 

In view of the above, the present reinvestigation of the behaviour of blood 
potassium during the course of experimental adrenal insufficiency in cats was 
undertaken. The research involved the elaboration of a method which would allow 
of the analysis of small quantities of peripheral blood; it was then possible to take 
daily samples without thereby significantly affecting the course of the syndrome. 

Since the method involved taking whole blood, the most suitable experi¬ 
mental animals were cats, in which Abderhalden [1898] has shown that potassium 
is equally distributed between plasma and cells. 

Experimental. 

Known amounts of potassium (0*02-0*16 mg.) were determined by a colori¬ 
metric method based on that of Breh & Gaebler [1930] taking a standard con¬ 
taining 0*1 mg. K. The results are represented by curve 1, Pig. 1; the curve, 



Fig. 1. AH points represent the mean of 4 determinations. 


being rectilinear, has the general equation y—ax+b, where x and y are respec¬ 
tively mg, K found and taken; by substituting different values of x and y, a is 
found to be 0*9, and 6, 0*01; the final form of the equation is then 

y=0*9#+ 0*01. 

The same equation may be derived on the assumption that, under the given 
standard conditions, a constant loss of the precipitate takes place, irrespective 
of the actual amount present; if this be represented by ft, the result of the 
colorimetric reading may be represented by 

S-k s 

y-k~~x * 

where 8 represents mg. of K in the standard, and y and x have the same signi* 
ficance as before. Substituting 0*1 for 8, and different values for z and y, it will 
be found that ft=0*01, and substituting this value in the second equation, tod 
simplifying, it again assumes the final form yesO-Ox-bO^Ol. 
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It can be concluded that accurate values will be given by methods of the type 
in question only when the sample under analysis has the same K content as the 
standard, and that increasingly divergent values will be obtained the greater the 
difference in K content. Further, these results are adequately explained on the 
assumption that a constant loss, 1 equal to 0*01 mg. K, takes place under the given 
conditions. The results obtained should therefore be corrected accordingly; a 
simpler procedure is to add 0*01 mg. K to all the tubes, and this was adopted in the 
method described below. Curve II, Fig. 1, shows the results obtained for the 
determination of 0-02-0-18 mg. K; it will be seen that values little different from 
theoretical are obtained over the whole range studied. 


Special reagents . 

A. Standard KjSO* solution containing 2 mg. K per 100 ml. 

B. Precipitating reagent: 210 ml. of a solution of 120 g. of K-free NaN0 2 
in 180 ml. of water are added to a solution of 25 g. of Co(N0 3 ) 2 in 50 ml. of water 
and 12*5 ml. of glacial acetic acid, and air is bubbled through the solution for 
1-2 hours to complete elimination of N0 2 . The solution should be kept at 0° 
and re-aerated weekly; after a month it is advisable to reject it. When taken for 
use, the clear liquid is decanted off, a tenth of the volume of 40% AgNO a is 
added, and the solution is shaken and filtered. 

C. 0*5% Hulphanilic acid in 30% CH 3 COOH. 

D. 0*5% a-naphthylamine in 30% CH 3 COOH. 

In the actual determination of K in blood, duplicate 0*2 ml. samples of whole 
blood were taken in oxalated blood-pipettes from an ear vein, rejecting the first 
drop appearing after making the incision. They were immediately diluted in 
5*9 ml. of water in a 15 ml. conical pyrex centrifuge-tube. 0*4 ml. each of 10% 
sodium tungstate and 2/3 N H^SC^ were added, the mixture was shaken, 0*1 ml. 
of 5% AgN0 3 was added, the tubes were again shaken and centrifuged (3000- 
4000r.p.m.; 15 min.). 5 ml. of each centrifugate were transferred to 15 ml. 
graduated centrifuge-tubes, the tubes were warmed to 60-70°, and 2 ml. each of 
reagent B were added, as well as to two tubes containing 5 ml. of standard 
KgSO,, solution (solution A ); 0*5 ml. of solution A had previously been added to 
all tubes. Two hours later the tubes were centrifuged, the supernatant fluid 
was siphoned off (leaving 0*2 ml.), and the precipitate of K argenticobaltinitrite 
was washed 3 times on the centrifuge with three 7 ml. portions of water. 5 ml. 
of 0*2 N NaOH were then added to the precipitate in each tube, the suspension 
was boiled to break down the complex, cooled, diluted to exactly 6 ml. in each 
tube and centrifuged. 1 ml. of each of the centrifugates was transferred to 
50-ml. volumetric flasks containing 15 ml. of 10 % acetic acid. 2 ml. of sul- 
phanilic acid and 1 ml. of a-napthylamine solutions were added to the flasks, 
which were then filled to the mark with 10% acetic acid and allowed to stand, 
for 10 min., when the colours were compared in a Duboscq type colorimeter, using 
a blue filter. The potassium content of the blood is given by 

mg. K/100 ml.» — — , 

where £ is the level at which the standard is set (usually 20), K$ is the 
amount of K actually taken for the reading (0*1/6 mg.), R is the reading of 


1 This loss probably represents the difference between loss due to solubility of K argenti¬ 
cobaltinitrite, and a gain due to presence of minute amounts of K in the reagents. For these reasons 
it will be obvious that k should be determined empirically in each laboratory, and that it should 
be redetermined should any of the reagents be procured from a new source. 
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the unknown, and V is the volume of the blood corresponding with the amount of 
NaOH solution finally taken; should this be 2 ml., F=0*2x5/7 x2/0. Hence 
mg. K/100 ml. is in the given case equal to 10S/2R. 

If the sample under analysis contains < 0*05 mg. of K, it will be desirable to 
take 2 ml. or more of the final centrifugate, but if its K content is >0*2 mg., it 
will not be possible to compare the colour with that of the standard, owing to 
formation of a flocculent precipitate; in such cases, the amount of final centri¬ 
fugate taken should be reduced to 0*5 ml. 

Presence of Ag in the blood centrifugate may lead to considerable error in 
the determination, as under the given conditions sparingly soluble, colourless 
needles of AgNO a tend to separate out together with the precipitate of K 
argenticobaltinitrite. These crystals will, if present in small amount only, be 
eliminated during the process of washing; otherwise part of them remains and 
leads to the obtaining of fictitiously high values for K. In normal blood, the 
amount specified (0*1 ml. of 5% AgNO s ) is slightly less than that required for 
complete precipitation of Cl“; in the hypochloraemia sometimes encountered in 
advanced adrenal insufficiency it is probable that some small excess of AgNO s 
remains, but this has not been observed to interfere. If, however, the laboratory 
temperature falls below 15° during precipitation, the crystals will often separate 
in considerable quantity; this is avoided by maintaining the temperature at 
about 20°. 

A further source of error lies in the fact that NH 4 + is precipitated together 
with K; with the small amounts of ammonia present in freshly drawn blood this 
will not significantly affect the results, but where the sample has been allowed to 
stand at room temperature for any length of time considerable error may result. 
It is therefore advisable to deproteinize as soon as possible after collection of the 
sample and to keep the centrifugates in the ice-box should precipitation of K 
not be effected immediately. 

With the given amount of blood, deproteinization was found to be incomplete 
when less than the specified amount of the appropriate reagents was taken. 

In late adrenal insufficiency the peripheral circulation is highly inadequate, 
and at this stage it is often necessary to take blood from the heart. In such cases, 
and for plasmax>r serum, the following procedure has been applied; 0*5 ml. of 
the sample is diluted to 7*7 ml., 1*0 ml. each of tungstate and sulphuric acid 
solutions and 0*3 ml. of 5 % AgNO a are added, and 5 ml. of the centrifugate are 
taken for the determination. 

Application to determination of potassium in muscle . 

0* 1-0*3 g. of skeletal or cardiac muscle is weighed in a tared, graduated 
pyrex centrifuge-tube, and subjected to wet incineration, according to the 
method of Leulier & Bernard [1934] (heating pn a gauze with 0*5 ml. of a mixture 
of 35 ml. of HC10 4 and 65 ml. of HgSOJ; the heating is continued to almost com¬ 
plete elimination of HC1, and the colourless solution is then diluted with 2 ml. 
of water and made neutral by adding a small excess of LigCOg. The excess of the 
latter is dissolved by adding a few drops of glacial CHgCOOH, 2 ml. of 20% 
NaNO a and 0*5 ml, of glacial CH 8 COOH are added, and the tube is heated at 
100° for 30 min. 0* 1-0*3 ml. of 5 % AgN0 8 is then added, the solution diluted to 
10 ml. and 1 ml. transferred to a second tube containing 4 ml. of water. K is 
then determined by the method described above for blood, when, if equal volumes 
of the final centrifugates are taken, mg. K/100 ml. is given by 100 8/WS $ where 
W is the weight of tissue taken. 
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The above procedure is applicable to any other tissue. Where only very small 
amounts of tissue are available, the steps of dilution and transference of an 
aliquot part of the solution could be eliminated; the amount of tissue taken for 
incineration should not be less than 5-10 mg., containing 0*02-0-04 mg. K. 

Speed and accuracy of the method . 

The time required to perform 7 duplicate determinations of blood potassium 
has been found not to exceed 7-8 hours, if the operations of siphoning off the 
liquid and washing the precipitate in 8 tubes are performed while the remaining 
tubes are centrifuged. 

No very high degree of accuracy is claimed, as the results obtained in parallel 
determinations often vary by ± 5 % from the mean value. 


II. BLOOD POTASSIUM OF NORMAL AND 
ADRENALECTOMIZED CATS. 

A. Normal cats. 

Abderlialden [1898] gives the K content of normal cat blood as being 
21*6 mg. per 100 g., in serum, whole blood and cells. Baumann & Kurland 
[1926] report an average value of 19*0 mg. per 100 ml. (varying from 15-9 to 
24*4) of plasma, and 24*1 (19*7-28*8) mg. per 100 ml. for whole blood. D'Silva 
[1934] finds that the K content of serum varies from 16 to 22 mg./lOO ml. and 
the values reported by Zwemer and Sullivan 1 for normal cat serum (15- 
22 mg./lOO ml.) likewise fall within very similar limits. 

In a series of 19 normal cats (males, 3*5-4 kg. in weight) a mean value of 
19*3 (L4-23*l) mg./lOO ml. of K was found for plasma, using the methods 
described in Part I. The same animals had values of 20*2 (16*2-26*1) mg.,/100 ml. 
for serum, and 21*4 (16*0-26*1) mg./lOO ml. for whole blood. These values are 
substantially identical with those of previous workers, and confirm the equal 
distribution of K in the cellular and non-cellular constituents of the blood of cats. 

B. Adrenalectomized cats. 

The adrenal glands were removed under ether anaesthesia, and under condi¬ 
tions of strict asepsis, either by a two-stage operation (dorso-lumbar incision), 
allowing 1-3 weeks to elapse between the first and the second operations, or by a 
single operation (mid-abdominal incision), applying a new technique described 
elsewhere. The survival periods were similar with either procedure so that the 
single operation was accordingly performed in most cases. The cats recovered 
rapidly from the operation, as far as could be judged from their appetite and 
activity; the animals were allowed tinned salmon and milk ad lib ., and in general 
no marked anorexia was evident earlier than the fifth day after the operation. 
Care was taken to maintain the laboratory temperature as far as possible con¬ 
stant (about 20°), in view of the known sensitivity of adrenalectomized animals 
to temperature fluctuations. The average survival time was 10 days, and blood 
was taken at intervals after the operation. 

The results are given in Table I, from which it appears that the average blood 
K rises during the first 3 days following adrenalectomy, to a maximum value of 

1 The figures in this paper are erroneously given as mg. K/100 ml.; they should be 
mg. K Cl/100 ml. 
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Table I. Blood potassium in adrenal insufficiency . 

Each value is the mean (mg./l00 ml.) of two concordant determinations, on whole blood, plasma or serum. 

Days following bilateral adrenalectomy Sur» 


Cat no. 

f o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

>12 

in days 

8623 

22-2 

27-3 

— 

33*3 

29-4 

— 

— 

— 

— 

— 

— 

— 

— 

— 

5 

8504 

17-0 

— 

— 

— 

205 

21*7 

27-5 

— 

— 

— 

— 

— 

— 

— 

6 

3509 

21-0 

— 

— 

— 

— 

— 

27-6 

— 

— 

— 

— 

— 

— 

— 

6 

3503 

20-0 

— 

— 

— 

— 

— 

22*4 

— 

— 

— 

— 

— 

— 

— 

7 

3605 

200 

— 

— 

41-0 

— 

33*5 

— 

— 

— 

— 

— 

— 

— 

— 

7 

3601 

— 

— 

— 

— 

24-6 

— 

44*4 

— 

44*4 

— 

— 

— 

— 

— 

8 

3506 

— 

— 

— 

— 

— 

— 

23*2 

— 

— 

18*3 

— 

— 

— 

— 

9 

3512 

21-3 

— 

— 

— 

— 

— 

31*1 

— 

— 

31*2 

32*0 

_ 

— 

— 

10 

3508 

200 

— 

— 

— 

— 

— 

— 

— 

22*5 

— 

24*2 

— 

— 

— 

11 

3627 

22*1 

25*2 

28-5 

37*8 

35*0 

22*3 

205 

21*0 

11*8 

11*1 

17*1 

17*5 

22*7 

45*7 

13 

3624 

24-2 

22*2 


31-2 

39*3 

27*1 

29*6 

31*1 

32*2 

25*7 

23*5 

24*8 

22*8 

I-20-3 

^25-2 

15 

3510 

20-0 



_ 

30*6 

„ 

_ 

21*5 

33*3 

_ 

_ 



122*1 

27*5 

16 

3602 




42-5 


44*2 



_ - 

390 


31*6 


/35*0 

7 35*1 

17 

3603 

17-5 





36-3 



32*2 


34-2 


37*3 

131*3 

r41*5 

{401 

31* 

3611 



21*4 



26*9 

30-2 







181*0 

t 

3621 

— 

— 

25*3 

32-8 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

t 

3628 

10*0 

— 

28-0 

— 

— 

— 

— 

— 

— 

.- 

— 

— 

— 

— 

t 

3629 

— 

__ 

302 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 


Average 

20-1 

24-9 

26-7 

36-4 

300 

30-3 

27*9 

24*5 

~29~4 

251 

202 

240 

”27*7 ’ 

34-2 

_ 

_ 

No. of deter- 

12 

3 

5 

6 

(i 

7 

9 

3 

6 

5 

5 

3 

3 

11 

— 


minations 


* Used for other experiments. t Probably had accessory tissue. 

364 mg./lOO ml., thereafter fluctuating. Considerable variations are found 
during the course of the syndrome, depending on the stage of insufficiency and 
the individual behaviour of the animals. Blood K substantially identical with 
normal may be encountered and, unless daily samples are taken, particularly 
during the first 3-5 days after adrenalectomy, the higher values may be missed. 
Cats 3624 and 3627 drank considerable amounts of water after the fifth day 
following adrenalectomy, and this, together with their restricted food intake, 
might explain the low values found subsequently. 

The average value for the entire group agrees most closely with that of 
Baumann & Kurland [1926], but is also little different from that given by 
Zwemer & Sullivan. No values even approaching the maxima recorded by 
Hastings and Compere or by Urechia ei al. have been found. 

The values given in Table I represent results obtained for whole blood, plasma 
or serum. Although satisfactory evidence is available that in normal cats 
identical results are obtained for cells and plasma, yet the possibility remained 
that the rise in whole blood might apply only to the plasma, or to the cells. In 

Table H. Distribution of potassium between cells and plasma in 
ddrenalectomized cats . 


Each value is the mean of two determinations. 





mg. K/100 ml. in 



Days after 

Cells 

--- \ ___ 


Cat no. 

adrenalectomy 

Plasma 

Whole blood 

3504 

6 

21*3 

21*7 

17-7 

3504 

7 

— 

27*5 

30*5 

3506 

10 

— 

18*3 

15*6 

3510 

16 

36*2 

37*5 

37*8 
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order to exclude this objection, potassium was in some cases determined 
separately for whole blood, plasma and cells (Table II); it is evidence that the 
distribution is uniform in the cases studied. 


III. POTASSIUM CONTENT OF SKELETAL AND 
CARDIAC MUSCLE IN CORTICO-ADRENAL 
INSUFFICIENCY. 

Samples of muscle were taken from the adductor femoris and from the 
heart of animals killed when in the terminal stage of insufficiency, or im¬ 
mediately after death, and K was determined by the method described above. 

Table III. Potassium content of muscle . 

Each value is the mean of two determinations. 


mg. K, 100 g. in 



Da vs after Drv content 

r - 1 

•-- 

'at no. 

adrenalectomy of muscle 

Wet muscle 

Dry muscle 



Skeletal muscle. 



Normal 


28-2 

50 Hi 

1778 

— 


27-2 

459-2 

1089 



Adrcnaleetomized. 



3009 

8 

22*4 

437-7 

1954 

3015 

9 

20*0 

408-1 

1081 

3027 

12 

211 

3820 

1811 

3024 

15 

2»*2 

375-4 

1858 

3002 

17 

22-8 

431-5 

1893 

3003* 

31 

24 I 

450*7 

1895 



Average 21*0 

415*2 

1900 



Cardiac muscle. 



3015 

0 

21*9 

305*8 

1390 

3027 

12 

224) 

309*0 

1405 

3024 

15 

20*5 

211*2 

1030 



Average 21*5 

275*3 

1277 


* Presence of accessory cortical tissue probable. 

The results given in Table III indicate that the K content of the fresh muscle 
is lower than in normal animals (the literature gives values of450-51X) mg./100 g.). 
At the same time, the water content is higher, so that the results calculated per 
100 g. of dry muscle are actually higher than for normal cats. 

Leulier k al. [1933] give the potassium content of normal cat myocardium as 
365-368 mg./100 g. the values found in insufficiency will he seen to be signifi¬ 
cantly lower. 

Discussion. 

It may be concluded on the basis of the above evidence that, in cats, bilateral 
adrenalectomy is followed by a rise in blood K; this in most cases attains its 
maximum on the third or fourth day after the operation, thereafter falling to a 
more or less constant level of 30mg./100ml. average, which is also the level 
most often encountered at death. In individual cases normal and subnormal 
values may be encountered in the period following the initial rise. 

Biochem. 1036 xxx 
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The high K characteristic of cortico-adrenal insufficiency may be due to 
disturbances in the renal excretory function, to liberation from or lack of 
fixation in the tissues, or to both of these causes. Were the kidneys alone to be 
at fault, it might be expected that the rise in plasma K would be associated with 
a rise in tissue K; actually the results obtained for muscle indicate a subnormal 
value. On the other hand, there is no reason to believe that a normally function¬ 
ing kidney could not deal adequately with the not very great amounts of K 
liberated from the tissues. It would hence appear to be most probable that, 
whilst both the causes mentioned may take effect simultaneously, the more 
important would be inability to eliminate K (exogenous or endogenous) entering 
the blood stream. 

Prom this viewpoint, the variations in blood K following adrenalectomy may 
be interpreted in the following way. Anorexia does not appear until the third 
or fourth day after the operation; this coincides with the first high level. Up to 
this point, K of alimentary origin has been undergoing resorption and has tended 
to accumulate in the blood stream. Following this, the animals on an unvaried 
diet tend more and more to limit their food intake and to drink water; at the 
same time progressively lower values are found for blood K. The activity of the 
cats varies parallel with their appetite, and since muscular activity is associated 
with passage of K from the muscle cells to the plasma, this would function as a 
second factor, tending to introduce K into the blood stream during the first 
period of rising K and to withhold it during the succeeding stage. The final rise 
in blood K is ascribable to tissue breakdown, due to inanition, and to progressive 
aggravation of the kidney lesions. 

It has been suggested by Hastings and Compere and by Zwemer and Sullivan 
that the higher values for blood K found by them are of the same order as those 
found in animals dying after intravenous administration of a lethal dose of 
KC1. Maranon et al. ascribed the symptoms of Addison’s disease to defective 
regulation of water metabolism, due in turn to the high blood K, and Ureehia 
et al. stated that the muscular debility of adrenal insufficiency might be due to K 
poisoning. 

The most striking symptoms encountered in cortico-adrenal insufficiency are 
anorexia, muscular weakness, low blood sugar, low blood Na, high N.P.N., 
degenerative changes in the proximal renal tubules, vascular disturbances 
involving stagnation of the peripheral circulation and anhydraemia. At death, 
the heart is invariably found in diastole, often with considerable dilation. 
Experiments performed by the present authors on normal and adrenalectomized 
cats [Zwemer & Truszkowski, 1936] have shown that all the symptoms enumer¬ 
ated may be reproduced in normal animals when the blood K level is maintained 
over comparable periods at the levels (30-40 mg./lOO ml.) found in adrenal 
insufficiency. In adrenal insufficiency the ability to dispose of injected K salts is 
diminished so that doses not significantly raising the blood K of normal animals 
are followed by a considerable, prolonged and often fatal rise. 

Summary. 

1. A method for the determination of K in 0-2 ml. of blood has been described, 
and certain errors present in the ordinarily used methods pointed out. 

2. The normal values found (19 catB) were: plasma 19-3, serum 20*2 and 
whole Wood 21-4 mg. K./100 ml. 

3. The results of analyses performed on 18 bilaterally adrenalectomized cats, 
at frequent intervals following the operation, are given; the values for blood K 
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vary within wide limits (11-46 mg./100 ml.) for different animals at different 
times after the operation. The most consistent effect is that of a rapid rise to a 
maximum value on the third or fourth day. 

4. A method for determining K in muscle is described: an average of 0-415 % 
wet weight, or 1-000% dry weight has been found for skeletal muscle of animals 
in the terminal stage of adrenal insufficiency, and of 275 mg./lOO g. and 
1-277/100 g. for myocardium. The values for wet weight are lower, and for dry 
weight higher, than for normal cats. 

5. The significance of these findings is discussed, and it is suggested that the 
syndrome of cortico-adrenal insufficiency is intimately associated with a 
disturbance in K metabolism. 

The authors are indebted to the Department of Biochemistry, College of 
Physicians and Surgeons, for the loan of apparatus used in the present research. 
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CXCIII. THE COMPOSITION OF FORAGE CROPS. 

I. RYE GRASS, (WESTERN WOLTHS.) 

By ARTHUR GEOFFREY NORMAN. 

From the Biochemistry Section , Rothamsted Experimental Station , 
Harpenden , Herts. 

(Received 29 June 1936.) 

Many papers dealing with the composition and digestibility of forage crops are 
to be found in the literature, but the analyses are usually restricted to those 
few groups included in the conventional methods of agricultural analysis. These 
rarely extend beyond the determination of ash, or mineral constituents, crude 
protein, crude fibre and ether-soluble material. The sum of these analyses is far 
below 100 % in the case of grasses, and the difference from 100, often 40-60 %, is 
expressed vaguely as “N-free extractives” or “soluble carbohydrates”. In the 
belief that more information should be obtained about the carbohydrate con¬ 
stituents of forage crops in general, and this ill-defined fraction in particular, 
detailed analyses have been undertaken using methods which have been de¬ 
veloped in the past few years. Not only is it desirable to obtain further know¬ 
ledge as to the final composition of agricultural materials used as feeding stuffs, 
but also to be able to follow the changes which take place during development, 
maturation, drying and storage. This paper records a preliminary study of the 
development of rye grass and its conversion into hay. 

Sampling. 

The samples were taken from Pastures Field, Rothamsted, in April, May and 
June 1935, the seed having been sown under oats the previous season. The 
selected area, 21 yd. sq., was divided into small plots each If yd. sq. Sampling 
was effected by cutting with shears an area of 1 sq. yd. within the small plot, 
this being conveniently determined by the use of a wooden frame of that size. 
The rejection of margins permitted passage between the areas to be sampled 
and obviated the necessity of avoiding plots adjacent to one previously sampled 
on account of possible edge effects. At each time of sampling eight plots, selected 
at random in the usual way, were cut. The grass from these plots was bulked, 
again at random, into two samples (A and B), each containing the yield from 
four plots. In this way an estimate of error due to variation in composition is 
possible and, since all determinations were subsequently made in duplicate on 
these A and B samples, an estimate of analytical error has also been obtained. 
The number of plots cut at each time pf sampling is adequate since the purpose 
of these investigations is a study of composition and not of yield or rate of 
growth. Many more plots would have to be sampled to obtain reliable figures 
for the latter. 

Treatment of samples . 

The grass when cut was bulked into A and B samples and removed to the 
laboratory. By hand-picking, all weeds and stubble were separated, and the 
sample placed in an oven at 100° for a short period to inactivate enzymes. 
Drying was then effected in a drying room at a moderate temperature. After 
chaffing the samples were ground in a high speed mill to pass 60-mesh. 

( 1354 ) 
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Other information . 

The weather conditions of early summer of 1935 were exceptional, the rainfall in the latter part 
of May and in June being much above average and the sunshine deficient. Between 26 April, when 
the first samples were taken, and 21 June, when the last were cut, the rainfall totalled 4*9 in. 
The sunshine in June, up to the 21st, was 92*8 hours, the average for the period being 143*4 hours. 
As a result the grass when mature was greener and more stemmy than is usually the case. 

The whole area was mown on 22 June and the grass left for hay in the usual wav, being turned 
once. A severe thunderstorm (0*28 in.) soaked it when partly dry. When dry, a large rando?u 
sample w r as taken (28 June) so that information might be obtained as to the changes normalh 
occurring in the process of hay making. 

Analytical methods . 

The following analyses were carried out on the air-dried material: 

1. Ash: in an electric muffle furnace. 

2. Crude, protein : N by Kjeldahl x 6-25. 

3. Cold water-soluble fraction: 24 hours at room temperature, nitrogen being 
determined in the residue. 

4. Crude fibre : official method. 

5. Total pectin (expressed as calcium peetate yield). 

6. Cellulose: Norman & Jenkins [1933]. 

7. Total furfuraldehyde yield: by distillation with 12% HC1 and precipita¬ 
tion as the phloroglucide. 

8. Furfuraldehyde from cellulose. 

9. Lignin after hydrolysis: Norman k Jenkins [1934, 1], the material being 
pretreated with alcohol-benzene. 

10. Ether-soluble fraction: by extraction in a Soxhlet apparatus. 

Results. 

Some information about the rate of growth of the grass may be obtained from 
the dry weights of the samples (Table 1), each representing the yield from 4 sq. yd. 

Table I. Yield of rye grass from 4 plots each of 1 sq. yd. 

Sample 


1 

April 26 

A 

97*6 


B 

1U2*S 

•> 

May 10 

A 

201*2 


B 

206*4 

3 

May 24 

A 

323*5 


B 

290*9 

4 

June 7 

A 

494*4 



B 

381 S 

5 

June 21 

A 

786*5 



B 

605*3 


Non-structural constituents. 

Figures relating to the non-structural constituents are given in Table II 
and call for no special oomment except in the case of the water-soluble fraction, 
which was very high in the younger samples. More than half of the material of 
the first three samples was extracted by cold water and of this the protein 
accounted for only a small part. Hot water was no more effective and indeed 
removed rather less protein, no doubt owing to coagulation. The nature of the 
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Table II. Some nan-structural constituents of rye grass . 


All analyses expressed as % on oven-dried samples. 

Each figure is the mean of 4 analyses—duplicate determinations on 2 independent composite 


samples. 




Protein 


Protein 





Cold 

in cold 

Hot 

in hot 




Crude 

water- 

water 

water- 

water 

Ether 

Sample period 

Ash 

protein 

soluble 

extract 

soluble 

extract 

extract 

1 

9-52 

1011 

53*92 

3*17 

52*43 

3*01 

3*46 

2 

911 

8-56 

52*28 

2*90 

53*02 

2*39 

3*42 

3 

7-84 

121 

54*16 

2*23 

55*46 

2*29 

6*34 

4 

7*66 

715 

46*21 

2*45 

47*76 

2*64 

4*12 

5 

7-50 

472 

37*21 

0*89 

38*27 

0*89 

4*84 

Hay 

7*58 

5-46 

3207 

2*65 

31*29 

2*12 

2*62 

*8.E. ± (sampling error) 

0-30 

0-09 

0*55 

0*12 

0*63 

0*22 

0*15 

s.E. ± (analytical error) 

0*19 

0-09 

0*36 

0*10 

0*30 

0*08 

0*44 

Analytical error % ± 

2-3 

1-2 

0*8 

4*2 

0*6 

3*8 

10*6 


* s.e. = Standard error. Sampling error includes analytical error. 

Since each figure in the table is the mean of 4 analyses, the sampling and analytical errors per 
sample are obtained by doubling the errors given. 


non-nitrogenous water-soluble fraction will be dealt with later. The increase in 
crude protein content on drying for hay was of course due to carbohydrate 
losses, and the apparent increase in crude protein passing into solution in cold 
and hot water in the same sample to some protein degradation resulting in the 
production of soluble products. This will be discussed later. 

Structural constituents . 

Analyses of some structural constituents are given in Table III. With 
increasing age the cellulose content rose rapidly, particularly in the samples 4 
and 5. For comparison, crude fibre determinations were made by the official 
method. The deficiencies of the crude fibre figure have been dealt with in detail 

Table III. Some structural constituents of rye grass . 

All analyses expressed as % on oven-dried samples. 

Each figure (except N in lignin) iB the mean of 4 analyses—duplicate determinations on 2 
independent composite samples. 

Fur- Fur- 

furalde- Total furalde- 




hyde 

from 

Xylan 

in 

fur- 

furalde- 

hyde 

from 


N 


Cal¬ 


Cellu¬ 

cellu¬ 

cellu¬ 

hyde 

poly¬ 

Lig¬ 

in 

Crude 

cium 

Sample period 

lose 

lose 

lose 

yield 

uronides 

nin 

lignin 

fibre 

pectate 

1 

20*89 

2*63 

4*11 

7*29 

4*66 

4*63 

0*29 

18*76 

0*91 

2 

20*45 

2*75 

4*30 

;*73 

4*98 

4*37 

0*28 

18*17 

0*41 

3 

23*15 

3*99 

6*19 

7*77 

3*78 

5*08 

0*27 

17*08 

0*52 

4 

29*69 

5*44 

8*45 

9*85 

4*41 

6*30 

0*27 

21*54 

0*60 

5 

36*30 

7*09 

11*02 

11*31 

4*22 

8*48 

0*28 

26*34 

0*42 

Hay 

40*85 

7*61 

11*80 

13*15 

5*54 

9*32 

0*28 

31*60 

0*19 

s.E. ± (sampling 
error) 

0*31 

0*14 

0*21 

0*16 

0*24 

0*17 

* 

0*42 

0*05 

s.e. ± (analytical 
error) 

0*21 

009 

0*14 

0*22 

* 

0*07 

* 

0*33 

0*04 

Analytical error % ± 0-76 

1*92 

1*79 

2*4 

5*3 

0*90 

* 

1*54 

7#5 


* Not determined. 
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elsewhere [Norman, 1935, 1] but it is sufficiently apparent from the rye grass 
samples that the cellulosic structure of the plant is underestimated in an 
irregular manner in the fibre determination. Whereas in sample 1 the crude fibre 
figure accounts for about 90% of the cellulose, in samples 4 and 5 only 72% is 
estimated. A contributory factor in this is the increase of xylan in the cellulose 
with increasing age. This change is more obvious if the xylan be expressed as a 
percentage of the cellulose containing it (Table IV). 

Table IV. Xylan content of rye grass at different ages . Expressed 
as % of the cellulose . 

Sample Xylan 

1 19-7 

2 210 

3 26-7 

4 28-5 

5 30-4 

Similar, but not entirely regular, increases in the content of xylan associated 
with the cellulose have been found in the barley plant by Norman [1933] and by 
Phillips & Goss [1935]. It is not easy to see why there should be this change in 
the nature of the cellulosic framework of the plant with increasing age. The 
glucose and xylose units forming the cellulose and xylan are presumably laid 
down together by the same mechanism, the balance altering in favour of the 
pentose as the plant becomes more mature. The pentose metabolism of plants is 
little understood as yet and provides a number of such problems. It has pre¬ 
viously been pointed out that a calculation of total pentosans from the furfur- 
aldehyde yield of the whole material is misleading because of the changing 
proportion of xylan in association in the cellulose [Norman, 1933] and this fact 
is again evident from the rye grass results. The total furfuraldehyde yield 
increased with age, but whilst in the youngest material 26% of the total was 
derived from the xylan in the cellulose, the amount from this source increased to 
62% in the mature material. The nature of these changes may be seen from 
Fig. 1. Since the direct determination of hemicelluloses is unsatisfactory, the 
furfuraldehyde not from cellulose is taken as a measure of this group of encrusting 
polyuronides. No correction has been made for the furfuraldehyde derived from 
pectin, since the pectin content was quite low throughout. The proportion of 
encrusting polyuronides apparently remained much the same over the whole 
period of growth. Information as to the actual amount is not given by these 
analyses. However, the furfuraldehyde yields of hemicellulose preparations that 
have been obtained indicated that the factor for conversion of furfuraldehyde 
from this source to polyuronide is a little over 2. 

Since the ripening of grass is always said to be accompanied by lignification, 
and since the extent of lignification considerably affects digestibility, the lignin 
contents of these samples are of especial interest. The determination of lignin 
has been a matter of much research lately, and whilst some of the disturbing 
factors have been recognized, it cannot be said that a method of general appli¬ 
cability has been evolved. In the presence of protein, errors are introduced by 
the linkage of protein fission products with the lignin [Norman & Jenkins, 1934, 
2]. Some workers have corrected for this disturbance by determining the N 
present in the lignin product, calculating this as protein and subtracting. Such 
a correction is not justified, and until such time as a method which shall be 
free from protein interference is devised, it is preferable simply to record the N 
found in the lignin. The pretreatment advocated by Norman & Jenkins [1934, 1] 
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for reducing the errors due to the presence of pentose groups does at the same 
time considerably reduce the protein disturbance. The lignin figures given in 
Table III were obtained on materials which had been given this pretreatment 
following extraction with alcohol-benzene, as tisually advocated for woods. The 
apparent lignin residue contained over 6 % N on an ash-free basis in the case of 
the youngest sample. It was curious however that the actual amounts of N 
retained by the lignin were almost identical in each case although the actual yield 
of apparent lignin increased progressively with age, the final sample containing 



Fig. 1. Distribution of furfuraldehyde yield from rye grass samples. 

nearly double that of the youngest. The error due to protein may therefore be 
taken to be more or less constant in this series and the increase in lignin content 
to be from about 3 % in the youngest sample to about 7 % in the most mature. 
The importance of the alcohol-benzene extraction for the removal of fatty and 
waxy compounds in the case of such green materials was made evident when 
lignin determinations were carried out on the ether-extracted residues, an acid 
pretreatment being given in both cases. For comparison, the determination was 
also made without a solvent extraction (Table V). 

Table V. Effect of solvent extraction on lignin determinations . 

All results expressed on 100 g. oven-dry material. 


Alcohol-benzene • Ether No solvent 

extraction extraction extraction 


Eye 

Apparent 

lignin 

Nin 

lignin 

/■- 

-^ 

r 

Apparent 

lignin 

N in 
lignin 

grass 

sample 

Apparent 

lignin 

N in 
lignin 

1 

4*63 

0-29 

* 

* 

6-58 

0*25 

2 

4*37 

0*28 

5*27 

0*33 

6*37 

0-21 

3 

5-OS 

0-26 

5*99 

0*31 

5*72 

0*21 

4 

6*30 

0-27 

6*79 

0*32 

7*14 

0*20 

5 

8*4S 

0*28 

9*21 

0*28 

9*73 

0-19 

Hay 

Ml 

0*28 

11*15 

0-32 

10*64 

0*20 


* Not determined. 
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It is evident that a further examination of the effect of solvent extraction on 
the determination of lignin in green plant materials is called for. Although 
treatment with alcohol-benzene resulted in the lowest yield of lignin residue, the 
nitrogen in the lignin was actually increased by extraction with either ether or 
alcohol-benzene. The differences between ether-extracted and alcohol-benzene- 
extracted samples are greater than could be accounted for by the higher N 
content of the lignin from the former. 

Water-soluble constituents . 

The astonishingly high content of material soluble in cold water in these 
samples led to an investigation of the nature of the substances removed. The 
major constituent of the extract appears to be a fructose anhydride or laevan. 
The presence of such fructose polysaccharides in members of the Gramineae has 
been reported at various times, and recently Challinor et al . [1934] have studied 
the laevan from rough-stalked meadow grass. The yield of pure laevan obtained 
by them was less than 1 % of the dry weight of the grass taken. Buston [1934], 
in the course of an investigation on the polyuronides of grasses, determined the 
amount of reducing sugar in the aqueous extract of young grass samples before 
and after hydrolysis with 1 % H 2 S0 4 for 40 min. The increases on hydrolysis, by 
no means all necessarily due to fructose, suggest that the fructosan content of 
the samples investigated by him was low, except perhaps in Crested dog’s tail 
(('ynosurus cr(status). Preparations of fructosan have also been obtained from 
rye [Kizel & Kretovitsch. 1934] and from barley [Archbold & Barter, 1935]. 

The accurate determinations of the fructosan in the rye grass samples pre¬ 
sented difficulties which have not been entirely overcome. It was first deter¬ 
mined that an aqueous extract could be hydrolysed readily by low concentrations 
of acid and that 0*5 % oxalic acid gave no increase in fructose after heating for 
30-45 min. Even at such a dilution, hydrolysis was extremely rapid in the first 
15 min. Determinations were carried out first on cold aqueous extracts of the 
samples, the extraction being made for 24 hours. This was found to give an 
incomplete extraction of fructosan and accordingly a second treatment for 
the same time was given. After clearing with a small amount of basic lead 
acetate and de-leading with sodium phosphate, the total reducing value was 
determined by the Shaffer-Somogyi [1933] micro-method, and the aldoses by 
hypoiodite oxidation for 2 hours in a refrigerator. Similar determinations were 
made after hydrolysing the extract by l>oiling with 05 % oxalic acid in a water-bath 
for 1 hour, conditions which were found to result in the complete hydrolysis of the 
fructosan. The results are given in Table VI, the figures obtained by the copper 
method being calculated as fructose and those by the iodine method as glucose. 

Table VI. Carbohydrate in aqueous extracts of rye grass samples. 

Result* calculated on the basis of 100 g. oven-dry grass. 

First extraction Second extraction 



Total 

Total 

Apparent 

Apparent 

glucose 

after 

Total 

Total 

Apparent Apparent 


sugar 

before* 

sugar 

after 

glucose 

before 

sugar 

before 

sugar 

after 

glucose 

before 

glucose 

after 

Sample 

hydrol. 

hydrol. 

hydrol. 

hydrol. 

hydrol. 

hydrol. 

hydrol. 

hydrol. 

1 

310 

27*47 

9*66 

9*96 

0*06 

0*98 

056 

070 

2 

7-00 

30*88 

8*12 

9*18 

0*11 

0*77 

0*07 

Trace 

3 

6*37 

36*16 

9*20 

10*49 

0*05 

1*16 

0*50 

0*56 

4 

4*28 

26*66 

7*97 

8*50 

0*11 

1*06 

0*47 

0*42 

5 

6-54 

21*77 

7*02 

6*69 

0*12 

1*09 

0*47 

0*47 

Hay 

6*60 

16*68 

7*83 

7*83 

0*07 

0*34 

0*50 

0*25 
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Two important facts are at once apparent. First, the increase in reducing 
sugar produced by hydrolysis is due almost solely to the liberation of fructose, 
since the apparent glucose figures show little difference after hydrolysis. Second, 
the extract must contain oxidizable material unaffected by the copper reagent, 
but easily oxidized by hypoiodite, because the total reducing value by the copper 
reagent is far lower than the apparent glucose content by hypoiodite oxidation. 
This is, of course, a common observation with plant extracts and makes it 
impossible to get true figures for fructose and fructosan contents by this method. 
Hot water extraction for 1 hour gave figures for total reducing sugar very similar 
to the sum of the cold extracts with the difference that the amounts of apparent 
glucose after hydrolysis determined by hypoiodite oxidation were a little higher. 
Direct hydrolysis of the fructosan in the grass was effected by heating for 30 min. 
with 5% oxalic acid in a water-bath. As far as could be judged, the results 
obtained indicate that hot aqueous extraction or repeated cold aqueous ex¬ 
traction does result in complete removal of the fructosan. To avoid difficulty 
due to the presence of aldose sugars and non-sugar reducing substances, deter¬ 
minations were carried out by the copper reagent on extracts which were first 
oxidized by hypoiodite, the excess iodine being removed with sulphite. The 
procedure adopted was similar to that recently described by Van der Plank [1936]. 
The grass samples, finely powdered, were extracted for 30 min. in a boiling water- 
bath, and a portion of the extract, after clarification, hydrolysed by boiling with 
2% oxalic acid for 30 min. 

5 ml. portions of the unhydrolysed and hydrolysed extracts were treated with 
2 ml. JV/10 iodine (containing 34 g. KI per litre) and 1 ml. Nf 4 NaOH and kept 
in a refrigerator just above freezing point for 2 hours. After acidification with 
1 ml. N/3 HgSC^ the excess iodine was removed by titrating with dilute sulphite. 
The reducing value of this solution was then determined in the usual way with 
the Shaffer-Somogyi reagent. As a result of the pretreatment with hypoiodite, 
considerable quantities of iodide are present which appreciably affect the 
apparent reducing value of fructose. The values for the fructose content must 
therefore be taken from a curve specially determined for the quantity of iodide 
that is present. Unless this be done the error introduced is over 10%. The 
results obtained are given in Table VII. The fructose or fructosan present passed 

Table VII. Fructosan in rye grass samples. 


Results calculated on the basis of 100 g. oven-dry grass. 


Sample 

Before hydrolysis 
as fructose 

After hydrolysis 
as fructose 

Fructosan as 
fructose 

1 

100 

28*21 

27*15 

2 

3-00 

20*02 

23*02 

3 

3-10 

37*53 

34*43 

4 

2-60 

25*33 

22*04 

5 

3*73 

* 18*87 

15*14 

Hay 

5-23 

« 14*19 

8*90 


through a sharp peak and then rapidly declined as maturity approached. A 
further considerable fall took place in the process of hay making. The intervals 
at which the samples were taken were not sufficiently short to provide a full 
picture of the changes in the fructosan content. It is however quite evident 
that this polysaccharide must be the chief carbohydrate reserve of rye grass, and, 
because of the high availability of fructose, must be also of great nutritional 
importance. The method of drying adopted was such that some slight hydrolysis 
of fructosan to fructose might take place, A more detailed investigation of the 
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distribution of this polysaccharide is in progress. Young wheat plants have also 
been found to contain fructosan, the amount decreasing rapidly as the ears form 
(unpublished). 

Hydrolysis of rye grass fructosan. 

A crude preparation of fructosan was obtained from an aqueous extract of 
young dried rye grass (collected 17 May). Proteins were removed with basic 
lead acetate and lead with phosphate. After concentration to a small volume 
in vacuo, inorganic salts were precipitated by the addition of alcohol to 
give a concentration of 47 %. After further concentration, the solution was 
poured into a large excess of absolute alcohol giving a creamy white precipitate, 
which was immediately filtered off. Purification of the precipitate was attempted 
by several means, including the baryta fractionation described by Archbold & 
Barter [1935], but no method was very successful. The crude precipitate had a 
specific rotation [a] 7) —40° approximately and very slight reducing properties. 
After hydrolysis for 15 min. with 0*5 % oxalic acid the sugar produced amounted 
to 87 % on an ash-free basis, 84-4 % being fructose. This polysaccharide was very 
susceptible to hydrolysis and yields of sugar of a similar magnitude were 
obtained on heating for 30 min. with 0-05% oxalic acid; using 0*025% oxalic 
acid the sugar produced did not exceed 58%. Slight hydrolysis waseffectedon pro¬ 
longed boiling with water, 19*0% sugar being obtained after 1 hour and 20*8% 
after 3k hours. 

The changes occurring during hay making . 

No direct determinations of the total losses occurring during hay making 
were made, as the whole area was cut. Some indication of the magnitude of 
these losses may, however, be obtained by comparing in the mature sample 
and the hay the percentage contents of constituents such as cellulose and lignin 
which would be unlikely to be reduced by the treatment. Such a comparison 
suggests that the losses were in the neighbourhood of 10%. Of this more than 
half was fructosan, presumably as a result of respiration, or enzymic conversion 
of the polysaccharide into fructose which would be liable to be washed out by 
rain. As evidence of the breakdown it is significant that the hay contained the 
highest percentage of free fructose. Some losses of ash and ether-soluble material 
also occurred. There does not appear to have been any loss in the nitrogenous 
constituents as judged by the total N figures, but extensive changes must have 
taken place because the cold water-soluble N increased from approximately 
20 to 50% of the total. The xylan in the cellulose was slightly reduced, with a 
concurrent increase in furfuraldehyde from the polyuronides. The pectin content, 
though low in the mature grass, fell sharply. 

Discussion. 

The system of analysis described in this paper though not complete 
accounts far more satisfactorily for the various constituents of grass than con¬ 
ventional methods. It is imperfect in that a reliable method for the deter¬ 
mination of the polyuronide hemicelluloses has not been found. Buston [1934] 
attempted this determination by direct preparation and found the apparent 
hemicellulose content of various grasses by this method to be 16-20%. His 
procedure is, however, very laborious and is open to certain criticisms [Norman, 
1935, 2], the chief perhaps being that any alkaline extraction also removes 
cellulosan from the cellulose, with the result that the product does not only 
consist of encrusting polyuronides. An attempt to avoid this difficulty will be 
described elsewhere. 
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In the case of sample 5, only 43*4% of the grass is accounted for by 
the conventional methods, leaving 56*6% to be described as soluble “carbo¬ 
hydrates' 5 . Excluding any estimate of the hemicelluloses, the analyses given in 
this paper on the same sample total to over 80 %. lie presence of a considerable 
amount of soluble carbohydrates in the form of fructosan is now established and 
the role of this in nutrition will have to be examined. Presumably it is readily 
utilized by the animal, though the action of digestive enzymes on this poly¬ 
saccharide has not been studied. Arch bold & Barter [1935] found that their 
fructosan preparations were but slowly attacked by invertase. The position of 
fructosan in the metabolism of the plant can as yet be only a matter of specu¬ 
lation. In the young plant fructosan is produced more rapidly than cellulose, 
but later cellulose production predominates. This is shown in Table VIII in 

Table VIII. Amounts of various constituents as percentages of that 
present in final sample (5). 

Dry Crude 


Sample 

matter 

Fructosan 

Cellulose 

Lignin 

protein 

1 

14-4 

22 

8 

8 

31 

2 

29-4 

41 

17 

15 

54 

3 

441 

87 

28 

26 

09 

4 

630 

84 

52 

48 

96 


which the chief constituents in each sample are expressed approximately as 
percentages of that present in the final sample, the increases in yield being 
taken from the means of the figures in Table I. 

Some of the advantages that have been ascribed to the higher protein 
content and greater digestibility of the cellulose of young grass may in fact be 
due to its much higher content of fructosan, if other species of grass are at all 
similar to rye grass. 

Summary. 

1. Samples of rye grass cut at fortnightly intervals have been analysed, 
particular attention being given to the structural constituents. 

2. The contents of cellulose and lignin increased rapidly as maturity 
approached. The percentage of xylan in the cellulose also increased with age. 
The polyuronide hemicelluloses, as judged by furfuraldehyde yield did not 
exhibit any regular increase and were lower in the mature grass than in the 
young grass. 

3. A water-soluble fructosan, or laevan, was found in considerable amounts in 
the younger samples, reaching at one stage over 37 % expressed as fructose. The 
percentage content of this polysaccharide fell rapidly on maturity. 

4. Losses in hay making were of the order of 10 %, mostly accounted for by 
loss of fructosan. 
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The effects of the alkaloid colchicine as a mitotic poison were first described by 
Lits [1934] and Dustin j 1934], and the nature of its action has been further 
studied recently by Ludford [1936]. Amoroso [1935] has reported experiments 
on the inhibition of tumour growth in mice and a dog by injection of colchicine, 
although uniform results have not been obtained by subsequent workers. In 
common with a number of apparently unrelated substances, notably the cacodv- 
lates, it has been shown (Lits, Dustin, Ludford) to arrest cell division during 
metaphase and to maintain cells thus affected in this phase of mitosis for 
several hours following administration; this occurs both in tissues in vivo and in 
explanted tissue. It is, of course, most readily seen in tissues in which the 
mitosis rate is normally high, notably in the glands of the intestine, and it occurs 
as well in malignant tumours and in explants from them. It has been possible 
to show [Brues, 1936] in the case of the regenerating rat liver (in which the 
normal rate of cell division is known with reasonable accuracy) that under 
suitable conditions the number of mitoses seen in arrested metaphase after 
administration of colchicine over a given length of time is equal to the number 
of mitoses which would normally have occurred and gone on to completion during 
that time. The present study has been made in an attempt to determine the 
effects on mitosis of various compounds derived from colchicine, to assess the 
importance of the various molecular groupings of colchicine and to determine 
whether similar mitotic effects may be shown with colchicine derivatives which 
are devoid of the high toxicity of the parent alkaloid. 

It has been essential to select as a test-object a tissue with a fairly high 
normal rate of mitosis in which the abnormal arrested metaphase can be un¬ 
equivocally distinguished from the normal metaphase. Experimental tumours 
fulfil the first of these criteria, but owing to the frequency of abnormal mitotic 
figures it is often impossible to say whether a given mitosis show’s the toxic 
effects of a mitotic poison or not. Moreover, we have observed in tumours that 
many cells in apparently normal later stages of division are seen after effective 
doses of the drug have been given and, at least in the case of certain transplanted 
sarcomata (probably owing to inadequate blood supply), the effect may be 
confined to the borders of the tumour and in some sections missed altogether. 

The most satisfactory tissue for our purpose has been liver in the process of 
restoration following subtotal hepatectomy. In the case of the rat, the average 
mitosis rate during the period of rapid regeneration is nearly as great as that in 
most experimental tumours; and histological study is facilitated by the large 
size of the hepatic oells and by the highly characteristic distribution of the 
chromosomes under the influence of a mitotic poison. In the normal hepatic 

* Moseley Travelling Fellow of Harvard University. 
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cell mitosis the chromosomes form a very compact group shortly after the dis¬ 
appearance of the nuclear membrane during prophase and remain so throughout 
the division: except in prophase it is impossible to distinguish and count the 
individual chromosomes (Pl. III, fig. 1). On the other hand, after parenteral ad¬ 
ministration of a suitable dose of colchicine, it can be seen that the chromosomes 
scatter widely throughout the cell shortly after disappearance of the nuclear 
membrane, as if they repelled one another, and it is often possible to count them 
(PI. Ill, figs. 2 and 3). In addition, the cell in this arrested stage has the rounded 
border characteristic of a cell in mitosis and in most cases the cytoplasm stains 
much more lightly with eosin. Since we have never seen (except under the 
influence of a very small dosage) these abnormal figures in the same section with 
normal metaphases and later stages of mitosis, it is easily possible to distinguish 
the abnormal picture from the normal one. An appropriate dose of sodium 
cacodylate gives essentially the same picture in this organ. 

Technique . 

Using the customary aseptic precautions partial hepatectomies have been 
performed on a series of rats weighing 100-200 g. by a method described pre¬ 
viously [Higgins & Anderson, 1931]. According to this method, the main and 
lateral lobes are removed, leaving approximately 30% of the liver intact. This 
remnant has been shown [Brues et al. 1936] to begin increasing in size at once, 
whilst mitoses begin to appear in large numbers after 24 hours. We have therefore 
administered the substances to be tested 24-30 hours post-operatively, when 
mitosis is usually at its height. The animals were then killed for microscopic 
examination of tissues after a further interval of 6-18 hours. The drugs were 
given subcutaneously. Intraperitoneal administration seemed unwise since often 
a little ascites is seen at the time of autopsy. Microscopic examination was made 
on tissue fixed in 10% formalin, sectioned in paraffin and stained with iron 
haematoxvlin and eosin, or for purposes of rapid results on tissue smears 
stained with Leishman’s stain, differentiated rapidly in 95 % alcohol and mounted 
in balsam. 

Upon administration of colchicine in aqueous solution subcutaneously, the 
greatest numbers of arrested mitoses were seen with a dosage of 01-0*2 mg. per 
100 g. body weight. With doses of 0-02-0*05 mg. partial effects were seen in 
which the numbers of arrested mitoses were smaller, whilst many figures were seen 
in which some of the chromosomes had scattered, while the rest remained in a 
group. When large doses (0-5-10 mg.) were given, fewer figures were seen than 
with the smaller optimum amounts. In the case of these large doses, which usually 
are lethal if the experiment is prolonged to 24 hours, it was found that the num ber 
of abnormal figures seen in animals receiving the injections less than 24 hours 
after operation was much smaller (0-0-2%) than in animals injected more 
than 24 hours after operation (1-3 %). Since these percentages are quite similar 
to the percentages of mitoses seen in the normally regenerating liver before and 
after the 24-hour interval, it seems likely that large doses of colchicine prevent 
cells from entering mitosis, so that the abnormal figures seen represent the 
cells which were already in mitosis at the time of administration. This may also 
be the case in a certain few rate receiving doses of 0-1 and 0*2 mg. in which 
only a few abnormal mitoses could be found. In no case receiving an effective 
dose (0-1 mg. or more) of colchicine more than 24 hours after operation did we 
fail to find some abnormal figures. 

Since the percentage of abnormal mitoses seen is therefore not wholly 
dependent upon dosage, we have for purposes of assay tried to determine ft 




Fig. 2. Abnormal mitoses in regenerating liver 2 days Fig. 3. Low-power view of the liver shown in 
after operation and 8 j hours after colchicine treat- Fig, 2 showing large numbers of urrested mitoses, 

ment (0-1 mg. subcutaneously). One abnormal figure \ 95. 

is indicated by an arrow, x 600. 
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“minimum dosage” which gives partial abnormalities of mitosis, above which 
the typical picture of wholly scattered chromosomes is seen and below which 
mitoses appear normal. All dosages are expressed in mg. of substance per 100 g. 


body weight. 


Results . 


Colchicine has as its nucleus a partially hydrogenated phenanthrene ring, 
and Windaus [1924] has proposed the following structure for it, the only features 
which he regards as uncertain being the positions of the two substituents in 



The colchicine employed in these experiments was obtained from the Hoffman 
La Roche Laboratories. Since this substance contains about 25% chloroform 
of crystallization, a few rats were injected with amorphous colchicine, which 
contains no chloroform, with entirely similar results as far as the cytologies 1 
picture was concerned. 

Colchicine was dissolved in 0-9% saline solution before administration. 
When large quantities were used, it w as first dissolved in a minimum amount of 
alcohol, in order to facilitate* solution in water. In order to control the use of 
alcohol in the administration of this and other substances, comparable amounts 
of alcohol alone have been injected into animals during hepatic regenerations, 
without any resulting abnormalities of mitosis being detectable. 

A small series of rats were given subcutaneous injections of colchicine sus¬ 
pended in sesame oil, in the hope of retarding the absorption. If there is any real 
difference in the action of the oil solution, it appears to increase the mitotically 
effective dose and to decrease the minimum toxic dose, as appears in Table I. 

Colchiceine [Zeisel, 1886], in which the =CHOCH 8 group of colchicine has 
been hydrolysed to =€HOH, was employed in saline solution. It is interesting 
that the minimum lethal dose of colchiceine (3 mg.) often kills within 2 hours of 
the time of administration, whilst the much more toxic substance colchicine, 
even in a dosage of 10 mg., does not kill before 8 hours after administration. 

Colchicine salicylate , which is a simple molecular compound of colchicine 
with salicylic acid, and is in common medicinal use, appears similar to colchicine 
in its action and dosage, as might be expected. 

Octahydrocokhicine [Windaus, 1924], which is obtained by catalytic hydro¬ 
genation of colchicine, is a derivative of ew-octahydrophenanthrene in which the 
methoxymethylene group and the carbonyl group are both reduced. The specimen 
was prepared by Dr E. Boyland and used in saline solution. 

Dimethyl - and trimethyl-colchicinic acids [Zeisel, 1888] are products of 
hydrolysis which contain a free amino-group in ring II and a free hydroxy- 
methylene group in ring III. In trimethylcolchicinic acid the three methoxyl 
groups in ring I are preserved intact, but in dimethyloolchicinic acid one of 
these is hydrolysed to hydroxyl. These two compounds were used in saline 
solution, neutralized with N/ 10 NaOH. It will be seen that these derivatives 
alone have been ineffective in any sublethal dosage. 
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Table I. 


Optimum 




Minimum 

dose 

Average 



effective 

(where 

lethal 


No. of 

dose 

determined) 

dose 

Substance 

animals 

mg./lOO g. 

mg./lOO g. 

mg./lOO g. 

Colchicine (aqueous) 

55 

0-02 

01 

0-5 

Colchicine in oil 

5 

01 

0*2 

0-2 

Colchicine salicylate 

5 

005 

01 

1-0 

Colchiceine 

6 

0*8 

30 

30 

Octahydrocolchicine 

3 

30 

100 

10-0 

N -Acetyleolchinol 

0 

0-9 

30 

20-0 

N -Acetyleolchinol methyl ether 

5 

8*0 

— 

120 

Colchinol methyl ether hydrochloride 

4 

6-0 

— 

200 

Corresponding carbinol* 

6 

7*5 

100 

t 

N - A cetyliodo colchinol 

4 

10-0 

— 

20*0 

Diraethylcolehicinic acid 

5 

— 

-- 

100 

Trimethylcolchicinie acid 

5 

— 

— 

20-0 


* This carbinol, which will be described elsewhere (Cohen & Cook), was obtained by the action 
of nitrous acid on colchinol methyl ether. 

The “minimum effective dose” is the smallest dose which gives obvious abnormalities of 
mitosis. The “optimum dose” is the average amount which gives a maximum number of abnormal 
mitoses, i.e. which is effective in stopping mitosis in raefcapnase but which does not prevent cells 
from entering mitosis. 

f The toxic dose of this substance is probably higher than 20 mg., but there was not sufficient 
material to determine this dosage. 

N -Acetyleolchinol [Windaus, 1919]. This is a more profoundly modified col¬ 
chicine derivative, and on the basis of Windaus’s structure for colchicine would 
be represented by the formula: 



This was dissolved in a small amount of alcohol and made up by the addition 
of saline solution. The methyl ether [Windaus, 1919] of this compound, which 
was less soluble in both alcohol and water than the free phenol, was utilized in 
the same way. Colchinol methyl ether hydrochloride [Windaus, 1919] is the 
hydrochloride of the free base arising from hydrolytic removal of the acetyl 
group, and was dissolved in saline solution by neutralization with iV/10 NaOH. 

The carbinol obtained by the action of nitrous acid on this base was dis¬ 
solved first in alcohol; with the addition of saline solution a fine colloidal 
suspension of the substance was obtained for injection. 

N -Acetyliodocolchinol , an intermediate in the preparation of N-acetylcol- 
chinol, in which ring III is as follows: * 



was injected in fine suspension, 
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Discussion. 

Although the colchicine molecule contains a variety of molecular groupings 
(e.g. methoxyl, methoxymethyleneketone, acetylamino) it cannot be said from 
the results of this investigation that any single group is essential for the 
mitotic inhibiting action of colchicine. The compounds examined include col¬ 
chicine derivatives in which the methoxymcthylene group has been first hydro¬ 
lysed to hydroxymethylene, then replaced by iodine, and finally completely 
eliminated, the last two stages being accompanied also by modification of the 
ketonio group (conversion into a phenolic hydroxyl group). Also, some of the 
compounds examined have had the acetylamino-group intact, others have had 
this group hydrolysed to the free amino-group, while in yet another case the 
amino-group is replaced by hydroxyl. All of these derivatives have shown 
activity. The inactivity of dimethyl- and trimethvl-colchinic acids is of interest. 
In the former case the suppression of activity might perhaps be attributed to 
deinethylation of one of the three methoxyl groups in ring I, but trimethyl- 
colchicinic acid appears to be* anomalous, for the only modifications in the 
colchicine molecule are (or) hydrolysis of the methoxymcthylene group to hydroxy¬ 
methylene and (b) hydrolysis of the acetylamino-group to the free amino- 
group, whereas it has been shown that neither of these changes is necessarily 
accompanied by loss of activity. Possibly the inactivation of trimethylcolchicinic 
acid is associated with the presence of the basic grouping and also the strongly 
acidic hydroxymethylene group in the same molecule. The lack of specificity 
suggested by these results appears to warrant the examination of synthetic com¬ 
pounds of analogous structure, and exjieriments on these lines are in progress. 

It will Ik* seen that no substances are effective on mitosis in the small doses 
required in the case of colchicine itself, and that the toxicity roughly follows 
the same relative dosage with different compounds, except in the case of the 
oolchieinic acids (which are ineffective on mitosis), and possibly in the case of 
the nitrogen-free carbinol, in which the lethal dose is as yet undetermined. 
However, the fact that the lethal effect of colchicine appears only after several 
hours, when the mitotic effect is beginning to wear off, suggests that the two 
effects may be dissociated, and this question requires further investigation. 

There is obviously a wide gap between the effective and lethal doses of col¬ 
chicine (and its salicylate) and those of the other substances. Some of the other 
differences of dosage may, however, depend upon variations in solubility and 
absorbability. 

Summary. 

A number of derivatives of colchicine have been investigated with regard to 
their effects as mitotic poisons. The test object was the regenerating rat liver, in 
which the arrested mitosis is conspicuous and is easily distinguished from the 
normal mitosis. 

Colchicine, injected subcutaneously in aqueous or oily solutions, produces 
arrest in metaphase of a maximum number of mitoses only within certain limits 
of dosage. Larger doses appear to prevent cells from entering mitosis, whilst in 
smaller dosage partial effects are seen. 

Colchicine, octahydrooolcbicine, iV-aeetylcolchinol and four derivatives of 
the latter all produce similar effects to colchicine, but in considerably higher 
dosage. Dimethyl- and trimethyl-colchicinic acids have been ineffective in any 
sublethal or lethal dosage. 

We are indebted to the Medical Research Council for a maintenance grant to 
one of us (A. C.). 

Biochem. 1036 xxx 
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Eulgb & Adler [1935] recently described the preparation from yeast of a 
cell-free enzyme, “heterophosphatese ” wliich catalyses the transference of 
phosphate from (muscle) adenosinetriphosphate to glucose or fructose with the 
formation of a hexosephosphate. Latter Meyerhof [1935] showed that prepara¬ 
tions of hexokinase contain “heterophosphatese”. The natural inference from 
these experiments is that adenosinetriphosphate may act as a phosphate carrier 
in alcoholic fermentations by living yeast, in a manner analogous to its role in 
muscle glycolysis [see Meyerhof & Kiessling, 1935], This receives material 
support by the isolation of the triphosphate in crystalline form from the 
trichloroacetic acid extract of fresh yeast by Wagner-Jauregg [1936] who con¬ 
cluded that it was identical with that of muscle. The amount obtained (60 mg. 
from 100 g. yeast) contains approximately 2% of the total phosphorus of the 
yeast. 

It seemed possible that the amount of adenosinetriphosphate present in 
yeast might be increased during the fermentation of sugar by synthesis from 
adenylic acid, and this question was investigated. Judging by the analysis of the 
sparingly soluble barium salts no increase in the triphosphate content w r as found 
if the yeast were extracted with trichloroacetic acid whilst fermenting sugar 
rapidly, but it was noticed that such extracts contained less orthophosphate 
than similar extracts from resting yeast. It is very generally inferred that 
alcoholic fermentation by living yeast involves esterification of orthophosphoric 
acid with carbohydrate, similar to that observed in cell-free fermentations, though 
there is no direct evidence in support of this view. The decrease in orthophosphate 4 
has therefore been investigated more fully, and it has been established that at 
the onset of fermentation of sugar by living yeast the acid-soluble orthophos¬ 
phate rapidly decreases to a fairly constant level and rises again to the original 
level when the sugar is consumed. 

Whilst this work was in progress Lewi tow [1936] showed that as a result of 
the fermentation of sugar both the (acid-soluble) ortho- and pvro-phosphate 
contents of living yeast were decreased and came to the conclusion that pyro¬ 
phosphate acts as a phosphate carrier in alcoholic fermentation in the same 
manner as adenosinetriphosphate in the glycolysis of animal cells. His experi¬ 
mental findings are open to criticism on several points. The routine deproteini- 
zation with trichloroacetic acid was preceded by 5 minutes’ boiling of the yeast 
suspension, which materially alters the phosphorus distribution (see Table IV). 
The value for pyrophosphate was calculated from the hydrolysis curve in N 
HC1 at 100° according to the equation 

Pyro-P=P 7 m in. — [Pomin. + $ (P is min. — P 7 min.)] 

[Braunstein, 1931] which does not provide an accurate correction for the presence 
of other phosphorio esters. Finally the implication from the statement “ Dnter 
Zuckerzusatz, d.h. in g&render Hefe” that the yeast was still fermenting after 
5 hours’ incubation is correct only if sufficient sugar were present, which appears 

> ( 1369 ) 88—2 
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doubtful, and no evidence was offered that the changes induced by the fermenta¬ 
tion were reversed by its cessation. His conclusion that during fermentation 
the orthophosphate decreases in amount has been fully confirmed in the present 
work, but no evidence was found to support the view that pyrophosphate acts 
as a phosphate carrier. 

Experimental. 

Phosphorylation in living yeast . 

The yeast was washed with water, filtered and pressed. 1 g. samples of 
pressed yeast were weighed into fermentation flasks, water or sugar solution 
(total volume 12 ml.) being added as desired; the flasks were placed in a thermo¬ 
stat at 30° and connected to a nitrometer for measurement of the C0 2 evolved. 
The enzyme action was stopped by the addition of 3 ml. 25% trichloroacetic 
acid. Phosphate estimations were carried out by Briggs’s method on aliquot 
portions of the trichloroacetic acid filtrate, after appropriate treatment, to 
obtain values for I 

(a) total acid-soluble phosphate, after ashing with HgSC^ and H 2 0 2 ; 

(b) orthophosphate, by direct estimation; 

(c) ‘‘labile” phosphate by calculation from the hydrolysis curve in N 
HC1 at 100° using Lohmann’s equation. 

“Labile” P = ^min.-omln. *^30 min.- 7 min.> 

which provides a more accurate correction for the presence of other phosphoric 
esters than that of Braunstein; 

(d) organic phosphate, calculated as the difference between total phos¬ 
phate and the sum of the inorganic and labile phosphate values. 

Details of the experiments will be found in Tables I and II. It may be 
emphasized that no phosphate was added to the fermentation flasks. The varia¬ 
tion in the values in duplicate experiments due to the sampling of the yeast and 
the accuracy of the estimations was of the order, for orthophosphate, ±0*02 
and for total, labile and organic phosphate, ± 0-05 mg. P per g. yeast. 

The experiments recorded in Table I were carried out with brewery pressed 
yeast (mild ale) or with yeast grown four days in yeast extract in the laboratory 
from an inoculum of brewery yeast. These batches were nominally living yeast, 
but it was found that rather a large proportion (6-20 %) of the cells were stained 
after standard treatment with methylene blue (1 drop of 0*1 % methylene blue 
to 17 drops of yeast suspension containing 40,000 cells per mm. 8 ). Whether or 
not such cells are to be considered dead in the sense that they will no longer 
reproduce, their capacity to be stained must reflect a significant difference in 
condition, whatever the immediate cause. The possibility and even probability 
thus arises that the fermentations induced by such cells may be as qualitatively 
different from that of unstainable cells as is the fermentation of yeast juice. So 
that for example an accumulation of hexosephosphate during C0 2 production by 
a small proportion of the cells might be interpreted as a small but definite 
change in the phosphorus distribution in all the cells. Moreover, it was realized 
that a temperature above 25° is generally considered pathological for yeast, so 
that incubation at 30° might produce fallacious results even though the initial 
percentage of cells stainable with methylene blue was low. 

Through the courtesy of Mr Julian Baker, yeast was obtained from the 
brewery vats two days after pitching, at a stage of maximum growth and with a 
very low count (0-5%) of stainable cells. In order to eliminate from considera¬ 
tion the small changes in phosphorus distribution which take place when yeast 
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Table I. Phosphorylation in living yeast at 30' . 




Total 

incu¬ 

bation 

time 

0/ 

#o 

cells 

Type of 
fermen¬ 

Acid-soluble phosphorus, 
mg. per g. yeast 

Total Ortho- Labile Organic 

V. 9. 

Treatment of yeast 

Brewery press yeast 1 day old. 

min. 

stained 

tation 

P 

P 

P 

P 

1. 

+ 10 ml. H,0; not incubated 

0 

18 

— 

2-48 

0-71 

H8 

0*59 

2. 

+ 10 ml. 11,030 min. 

30 

— 

NF 

2*59 

0*90 

1-15 

0*54 

3. 

+ 10 ml. 11,0 30 min.; +2 ml. 10% glucose 20 min. 

50 

— 

F 

222 

0*54 

0*99 

0*09 

4. 

+ 10 ml. 11*0 30 min • --2 ml. 10% glucose 00 min. 

90 

— 

SF 

2*40 

0*70 

M2 

0*04 

5. 410 ml. HjO 30 min.; +2 ml. 10% glucose 20 min. oxy¬ 
genated throughout 

Y. 10. Brewer's yeast grown in yeast extract in laboratory. 

50 



2*10 

0*43 

0*91 

0*70 

(1. 

+10 ml. H,0 25 min. 

25 

— 

NF 

4-U) 

0*99 

3*15 

0*45 

7. 

+10 ml. H,0 25 min. 

25 

- 

KF 

4*00 

0*91 

3*20 

045 

8. 

+10ml. H*0 25 min.: 4 2 ml. 10% glucose 25 min 

50 

— 

F 

390 

0*59 

2-91 

040 

9. 1 10 ml. H,0 25 min.; +2 ml. 10% glucose 25 min. 

Y. 11. .Similar to Y. 10. 

50 


F 

3*97 

(859 

2*95 

041 

10. 

+10 ml. H,0; not incubated 

0 

6 

_ 

2*83 

0*77 

1*81 

0*25 

11. 

+10 ml. H,0 15 min. 

15 

— 

NF 

3*48 

0*87 

2*32 

0*29 

12. 

-10ml. H,015min.; j 1 ml IO%gluense 15 min. 

30 

— 

F 

2*97 

0 52 

2-11 

0*31 

13. 

*■ 10 ml. H,0 15 min,; r 1 ml. 10% glucose 15 min. 

30 

— 

F 

2 85 

0*49 

2*02 

0*31 

14. i 10 ml. 11,0 15 min.; -t-1 ml. 10 % glucose 35 min. 

Y. 12. Brewery press yeast. 

50 


SF 

3-12 

0*78 

2*00 

0*28 

15. 

4 10 ml. H,(); not incubated 
- 1 10 ml. H,0 15 min. 

0 

10 

— 

2*13 

0*90 

1*05 

048 

hi. 

15 

— 

NF 

2-91 

1*02 

1 32 

0*57 

17. 

i 10ml. 11,0 15 min.; 4 1 ml. H,() 15 nun. 

30 


NF 

2-1*4 

1*05 

1-41 

(848 

18. 

i 10ml. H,0 15 min.; 4 1 ml. 10% glucose 15 min. 

30 

- 

F 

2*01 

OtUi 

1-35 

1800 

19. 

i 10ml. HjO 15 min.; +1 ml. 10% glucose 30 min. 

45 

— 

F 

2*88 

0*75 

1-53 

(HrO 

20. 

M0 ml. H,0 15 min.; 4-1 ml. 10% glucose iU> min. 

75 

... 

SF 

2*94 

0-93 

l-5« 

0-45 

21. 

■f-lt) rnl. 11,015 min.; -i 1 ml. 10% glucose 00 min. -r 1 ml. 
glucose 15 min. 

4 10ml. H,0 el ml. XaF 15 min.; -*• 1 ml. 11,0 15 min 

fK) 

- 

F 

2*82 

0*57 

l-5t> 

0-09 

22. 

30 

— 

NF 

2*94 

0*57 

1-33 

102 

23. 

■t 10ml. H,0 +linl. XaF 15 min.; +1 ml. glucose 15 min. 
i 10ml. H,() h 1 ml. IA 15 min.; 1 ml. 11,0 15 min. 

30 


Inhibited 

3*21 

0*12 

1-05 

M4 

24. 

30 

— 

NF 

3*21 

0*87 

1-50 

(878 

25. 

-! 10 ml. H,0 41 ml. 1A 15 min ; ^ 1 ml. glucose 15 min. 

30 

- 

Inhibited 

3 21 

0*90 

1-50 

0*81 

20. 

-1 10 ml. H,0 4 1 ml. toluene 5 min. 

5 

— 

— 

3-41 

l*2t> 

1*32 

0-83 

27. 

♦ 10ml. H,0 4 1 ml. toluene 5 min.; -t 1 ml. H,0 15min. 

20 

— 

NT 

4*08 

2*1 i 

0-77 

117 

28. 

-t 10ml, H,() +lml. toluene5 min.; 4 1 ml.glucose 15min. 

Solutions: 10% glucose. 1 ml. -* 25 ml. CO,. 

01 if sodium fluoride, 

0*1 M sodium iodoacetate. 

Rati* of fermentation ml. CO, per 5 min. 

20 -- <.F 3 93 2-09 

per g. yeast at 30°: Autofermentation 

Maximum with sugar 

0*71 

<0*2 

5*0 

1*13 


Symbols: X 1\ no sugar added. 

F, fermenting at maximum rate. 
SF, sugar completely fennented. 


is incubated with water alone, the experiments were so arranged that com¬ 
parison could be made between samples incubated for equal times which (a) had 
received no sugar, (6) were fermenting sugar at the maximum rate and (c) had 
completely fermented the sugar added. The experiments are recorded in Table II 
and for convenience the differences in the various fractions between fermenting 
and non-fermenting samples are summarized in Table IIJ. 

The results show that during autofermentation of living yeast, the ortho¬ 
phosphate content is not appreciably changed but that there is some variation in 
the organic and labile phosphate contents. In yeast fermenting sugar the ortho¬ 
phosphate is decreased in amount (approximately 02-0*3 mg. P per g. yeast) 
but returns to the original level as fermentation ceases. This decrease persists in 
the presence of fluoride but not in that of iodoacetate, the fermentation being 
inhibited in each case. The slight increase in the organic phosphorus occasionally 
found in no case balances the decrease in orthophosphate as might be expected 
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Table II. 


Treatment 

Y. 13. Brewery vat yeast. 

Temp. 

°C. 

Total 

incu¬ 

bation 

time 

min. 

cefls 

stained 


Aoid-soluble phosphorus 
mg. P per g. yeast 

Total Ortho- Labile Organ 
P P P P 

1. 

+ 12 ml. P,0; not incubated 

— 

0 

0 

— 

2*70 

0*90 

1*29 

054 

2. 

4 11 ml. H a () 15 min. 

18 

15 


NF 

2*07 

0*90 

1*20 

0*51 

3. 

+11 ml. H*0 30 min. 


30 

— 

NF 

2*40 

0*90 

105 

048 

4. 

+ 11 ml. H,0 45 min. 


45 


NF 

2*70 

0*90 

1*29 

0*51 

5. 

+11 ml. H*0 00 min. 


00 

— 

NF 

2*7(1 

0*99 

1*20 

057 

(». 

t 11 ml. H*0 00min.; +1 ml. 5%glucose20miii. 


80 

— 

F 

2*40 

0*72 

105 

003 

7. 

1 10 ml. 11*0 +1 ml. 5% glucose 10 min. 


10 


F 

2*91 

0*00 

1*59 

(MW 

8. 

+10 ml. H s O +lml. 5% glucose 30 min. 


30 

— 

F 

2*07 

(H19 

1*38 

0*00 

9. 

-f 10 ml. Hj,0 1 1ml. 5% glucose 00 min. 


lit) 


<F 

2*70 

0*74 

1*43 

053 

10. 

+10 ml. II*() +1 ml. 5 % glucose 00 min.; f 1 ml. 
glucose 15 min. 


75 

— 

F 

2*13 

OOO 

1*14 

009 

n. 

t 11 ml. H-0 15 min. 

30 

15 


NF 

3*12 

01K) 

105 

0.57 

12. +10ml. H*() +1 ml. 6% glucose 15 nun. 

Y. 14. Brewery vat yeast. 


35 


F 

303 

072 

1*83 

048 

13. 

+12 ml. H,0; not incubated 

_ 

0 

3*3 

— 

2*49 

0*81 

1-02 

0*00 

14. 

+ 11 ml. H*0 15 min. 

24 

15 

— 

NF 

2* 22 

078 

084 

OOO 

15. 

-r 11 ml. H*U 00 min. 


00 

— 

NF 

2*28 

0*83 

0-84 

063 

lti. 

+ 11 ml. H*0 00min.; +1 ml. 5% glucose lomin. 


75 

— 

F 

1 74 

051 

OOO 

057 

17. 

+11 ml. H,0 120 min. 


120 

4*5 

NF 

2*52 

0 87 

1*08 

057 

18. 

+ LI ml. H a O 120min.; +lnil. 5%glucos« i 15min. 


135 

— 

F 

2*31 

0*03 

0*90 

0*72 

19. 

+10 ml. H 8 0 -t-1 ml. 5% glucose 15 min. 


15 

— 

F 

2*25 

0 57 

105 

003 

20. 

r 10 ml. H,0 -r 1 ml. 5% glucose 00 min. 

1 10 ml. H,0 -M ml. 5% glucose 120 min. 


00 

— 

SF 

2*20 

081 

0*84 

OOl 

21. 


120 


SF 

2*3n 

0*81 

Ml 

038 

22. 

■110 ml. 5% glucose -*-l nil. H*0 120 min. 


120 

0-0 

F 

2*70 

0*39 

1-50 

075 

23. 

411 ml. HjO, 24 hr. +1 ml. H*G 15 min. 


24 lir. 

— 

NF 

3*09 

Ml 

1*53 

045 

24. 

-f 11 ml. H*0, 24 hr. -r 1 ml. glucose 15 min. 


24 hr. 

— 

F 

310 

0*87 

1*08 

006 

25. 

4 11 ml. H*() 120 min. 

37 

120 min. 

0*8 

NF 

327 

M7 

1*41 

0*09 

2ti. +10 ml. 10% glucose 41 ml. H s O 120 min. 
Symbols ss in Table 1. 

- 

*» ') 

190 

F 

2*55 

OliO 

1*08 

081 


Hated of fermentation, ml. CO* per 5 min. per i>. yeast 
Rates of fermentation, ml. C0 2 per 5 min. per g. yeast 


at 18°. Autofemientation 0. Maximum with sugar 1-5. 
at 24°. Autofermentation <U*1. Maximum with sugar 1*9. 


Table III. Difference in acid-soluble phosphate content between fermenting 
and non-fermenting yeast (from Table 11, F-NF). 


Acid-soluble mg. P per g. yeast 



Temp. 

Incubation 

( - 

-A . 

-— 

—\ 

Yeast 

°C. 

time 

Total 

Ortho* P 

Labile P 

Organic* P 

Y 13 

18 

10-15 min. 

4 0*24 

* 0*30 

— 0*39 

+ 015 



30 „ 

+ 0*21 

-0*27 

+ 0*33 

+012 



00-80 „ 

-033 

-0*39 

- 0*00 

+012 




-030 

- 029 

- 015 

+0*00 

Y J4 

24 

15 „ 

+ 0-03 

-0*21 

-j- 0-21 

■f 0*03 



00-75 „ 

-0*54 

-0*30 

4 018 

-0*06 



120-135 „ 

-0*21 

-0*24 

* 0*12 

4 015 



24 hours 

+ 0*01 

-0*24 

40*15 

+0*10 

Y 13 

* 30 

15 min. 

-0*09 

-018 

40*18 

-0*09 

Y 14 

37 

120 „ 

,-0*72 

-0*51 

-0*33 

+0*12 


if hexosephosphorie esters were formed. Taking into account the limited ac¬ 
curacy of determination of the labile and organic phosphate values, and the 
changes during autofermentation, the variation in these fractions could not be 
consistently related to the onset of fermentation. Lohmann [1928,2] showed that 
the amount of phosphate extracted by trichloroacetic acid from baker’s yeast 
was increased by preliminary heating of the yeast in water, or by addition of 
toluene, and that much of this phosphate was acid-labile. This is true also'of the 
brewery yeast used in these experiments (Table IV). The variation in labile and 
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Table IV. Increase in acid-soluble. P after preliminary treatment of yeast. 


Treatment 

(1) 1 g. + 10 ml. H 2 0 + 3 ml. 25° 0 trichloroacetic acid 

(2) 1 g. + 10 ml. HjjO 2-25 min. at 100°, cooled -f trichloroacetic acid 

(3) 1 g. + 10 ml. X HC1 7 min. at 100°, cooled + trichloroacetic acid 


rag. acid-soluble P per 


g. yeast 

A. 

Total 

Ortho- 

Pyro- 

V 

P 

p 

2-91 

0-87 

1-50 

3-84 

1-02 

2-13 

<v3fi 

4*50 

— 


Total P by ashing 0-35 mg. per g. yeast. 


organic phosphate may therefore be due to a shift between acid-soluble and 
insoluble phosphorus compounds, and the disappearance of orthophosphate may 
be ascribed as justly to the formation of an acid-insoluble as to that of an 
acid-soluble compound, especially as in many cases the decrease coincided with 
a decrease in the total acid-soluble phosphate. 


Phosphorus compounds of yeast . 

Pressed yeast contains about 60 mg. P per g., of which 50% can be extracted 
with trichloroacetic acid, approximately 15% as orthophosphate, 25 % as a 
labile phosphoric acid shown by Tx>limann [1928, 1] to contain inorganic pyro¬ 
phosphate and 10% in organic combination. The latter probably includes 
cozymase and Warburg’s cofermcnt (about 1 %) as well as adenosinetriphosphate 
(2%) and adenylic acid. Calculated from the Yields which have been obtained 
8-12 % of the phosphorus is present in (acid-insoluble) nucleic acid [see Levene & 
Bass, 1931] and 2% as lipin-P [MacLean & Daubney, 1927], whilst from the 
tiavin content [Pett, 1935] 0*05% may be present as flavinmonophosphate. The 
phosphorus compounds enumerated account for 65 % of the total phosphorus of 
yeast: before attempting to identify the unknown compound formed by the 
orthophosphate disappearing during fermentation, it Yvas necessary to obtain a 
very precise idea of the nature of the remaining phosphorus. 

Extraction of phosphorus compounds from the yeast cell . 

Yeast obtained from the brewery two days after pitching was washed 
3 times with water, filtered and pressed to a cake on Buchner funnels. The cake 
was then submitted in succession to the following treatments. 

Extract 1. The yeast was well mixed with 5% trichloroacetic acid (300 ml. 
per 100 g. yeast), filtered and re-extracted with half the original volume of acid, 
the filtrates being combined. 

Extract 2 . The residual yeast cake was suspended in five parts of water 
(pH about 2*0) and sufficient 2 N NaOH (about 15 -20 ml. per 100 g. yeast) added 
to bring the pH to 8*6-9*0. As the sodium hydroxide was added, part of the cell 
contents passed rapidly into the solution. The latter, which was reddish brown 
in colour, filtered fairly easily through a No. 3 (Whatman) paper under suction: 
and on addition of two volumes methcol gave a flocculent precipitate con¬ 
taining >90% ofJ:he phosphorus present in the extract; yield, after washing 
with alcohol and drying, about 10 g. per 100 g. yeast. 

Extract 3. The yeast cake was again suspended in water and re-filtered 
giving a clear yellow filtrate from which the phosphorus compounds present 
were precipitated by addition of methcol either as sodium or barium salts. 

At this stage the yeast cell membrane was still unrnptured. An attempt was 
made with one batch of yeast to extract the remaining phosphorus by grinding 
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the yeast cake (200 g.) with equal parts of sand and kieselguhr. The ground mass 
was then extracted successively with 1 % saline (extract 4), 5% trichloroacetic 
acid (extract 5) and water+ NaOH at pH 9*0 (extract 6), which removed 1-8, 
1-5 and 1*5% of the total phosphorus respectively, together with 2 g. glycogen 
(extract 4) and 1 g. protein (extract 6). The phosphorus contained in the last 
four extracts, though small in amount, may be qualitatively important; up to 
the present attention has been paid chiefly to the phosphorus compounds present 
in the first two extracts. The distribution in different batches of yeast is shown 
in Table V. 

Phosphorus compounds present in the trichloroacetic acid extract. 

Extract 7. The trichloroacetic acid filtrate was treated with a slight excess of 
barium acetate, the pH adjusted to 8-0 with baryta and 1/10 volume alcohol 
added. The precipitate of sparingly soluble barium salts was removed by filtering. 
After estimation of the phosphorus present the filtrate was treated with basic lead 
acetate in slight excess, any precipitate removed and the phosphorus remaining 
in solution estimated. It has been generally assumed that hexosediphosphate, 
which forms a sparingly soluble barium salt, and hexosemonophosphate, which 
forms a soluble barium and a sparingly soluble basic lead salt, are present in fresh 
yeast, though no rigorous identification has been made. The percentage of the 
total phosphorus of yeast allotted to the hexosediphosphate and hexosemono¬ 
phosphate fractions (Table VI) on the basis of this separation shows that the 

Table VI. Distribution of acid-soluble phosphorus in fresh yeast. 

of total P of voast. 

P as P as 

P in 10° 0 *' lioxoso “hexose 



Total 

Organic 

P 

alcohol 

P in basic 

diphos¬ 

mono¬ 

Yeast 

acid-sol. 

6 It rate 

Pb filtrate 

phate ” 

phosphate 

l 

46 

7 

4*7 

4*2 

2*3 

0-5 

2 

41 

8 

0*7 

4-8 

1-3 

1*9 

3 

39 

6*3 

4-7 


Hi 

-- 

13 

49 

101 

5*7 

5*2 

4-4 

0*5 


concentration of these esters, if they are present at all, is very small [see Boyland, 
1930], but some of the phosphate left in solution after treatment with basic lead 
acetate may be* hexosemonophosphate. 

As a consequence of the identification of metaphosphoric acid in the acid- 
insoluble portion of yeast, described in the next section, the sparingly soluble 
barium salts from the acid extract were tested for the presence of metaphosphate 
with positive results. 

Trichloroacetic acid filtrate from 1200 g. fresh yeast (Y 20). Total P 495 mg.; ortho-P 89 mg.; 
labile P 289 mg. 5 g. barium acetate and 0-25 volume alcohol were added (pH 2) giving 1-2 g. 
barium precipitate (P, 16*7%; 200 mg. P). H7g. of this salt were extracted three times with 
10 ml. H,0. 

Analysis of water-insoluble portion. Wt. 0*94 g. 173 mg. P (—60% recovery of original labile 
P). P, 184 %, of which 96 % was hydrolysed in 7 min. in N HC1 at 100 n . Ba, 41-9%; N, 04%. 
Atomic ratio P/Ba—2*0/1*03. 1-6 mg. of this salt in acid solution gave a w hite precipitate w ith 
1 ml. of peptone solution, indicating metaphosphoric acid. The analyses of barium metaphosphate 
and acid barium pyrophosphate are very* similar; (Ba(PO a ) 8 requires P, 20*99%; Ba, 46*51 %; 
BaH a P 8 0 4 ; P, 19*8%; Ba, 43-7%). An attempt was made to prepare the acid barium salt of 
pyrophosphoric acid; after three reprecipitations with alcohol at pH 2*0 of a HCi solution of 
barium pyrophosphate, the precipitate obtained was partly soluble in water and was obviously 
still a mixture of the neutral and acid salts (P, 16*4%; Ba, 45*8%; ratio P/Ba-2/1*25). 
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It was concluded that part of the acid-soluble labile phosphoric acid of yeast 
is present as metaphosphate; it may be recalled that Lohmann [1928, 1] re¬ 
marked upon the colloidal nature of the labile phosphoric acid fraction in yeast, 
though he succeeded in isolating sodium pyrophosphate in crystalline form. 

Isolation of a labile phosphoric acid compound from the acid-insoluble portion 
of the yeast cell . 

Extract 2, aqueous extract at pH 9*0. The analyses of the sodium salts pre¬ 
cipitated by addition of methcol to this extract from different batches of yeast are 
given in Table V. The salts were light brown in colour, very soluble in water and 
had a high surface tension. The re-dissolved substance filtered very badly and 
frequently was not re-precipitated by alcohol at pH 8*0, though acidification to 
pH 6-0-7-0 gave immediate flocculation. On acidifying with glacial acetic acid to 
pH 3*0 the aqueous solution (10%) became opalescent but did not flocculate. 
All the salts contained iron (1-2%) and gave a blue colour on boiling with 
orcinol in 50 % HC1. 

The salts obtained from fresh yeast, either resting or after autofermentation, 
contained 16-18% P (of which 80-90% was hydrolysed in 7 min. in N HC1 at 
100°) and approximately 7 % N, the atomic ratio P/N being of the order 12/14. 
The salt obtained in a similar manner from yeast which had been allowed to 
autoferment after addition of toluene (Y15A) contained only 8-5% P (of which 
43 % was labile), the P/N ratio being 4/14. The analysis of this salt corresponds 
closely with that required for the tetrasodium salt of nucleic acid; it has been 
assumed for the present, without identification of individual nucleotides, that the 
nitrogenous component of these labile phosphoric compounds is essentially 
ribonucleic acid on the following grounds: 

(a) The percentage composition and molecular rotation. 

(b) The physical properties. 

(c) The absolute yield (corresponding to about 10% of the total P) which 
agrees with the yields of nucleic acid previously obtained. 

(d) Failure to find the required amount of nucleic acid in other fractions. 

It is of course possible that the salts are merely mixtures of a nucleate and 

a labile inorganic phosphate; but, since the latter might be expected to be 
soluble in trichloroacetic acid, it was tentatively concluded that the substance 
containing nucleic acid and labile phosphoric acid was present as a compound in 
living yeast and could be enzymically dephosphorylated in the presence of 
toluene with the ultimate production of orthophosphate and nucleic acid. 

Identification of metaphosphoric acid as a component of the nudeic acid complex. 

Fractionation with HCl and alcohol. The sodium salt (8*5 g. containing 1320mg. 
P of which 1160 mg. were labile) from extract 2 (Y 16 and Y 17) was dissolved in 
100 ml. H 2 0 and 3 ml. cone. HCl were added. A small flocculent precipitate 
formed, but the bulk of the substance remained in a very fine suspension which 
did not deposit on centrifuging. The supernatant fluid was decanted and treated 
with 3 volumes methcol (pH 2*0) giving a granular precipitate. The latter was 
redissolved 5 times in 10 parts of 5 % HCl and reprecipitated with alcohol, each 
time removing by centrifuging a small acid-insoluble portion, until finally the 
solution was only faintly opalescent. The precipitate at this stage was white and 
almost entirely inorganic in nature. (Wt. 2*66 g. (mg. P670) P, 25-1%; Na, 
8-2%; Fe approx. 1%; N<l-0%. Atomic ratio P/Na =2-2/1.) The analysis 
was unchanged after two more extractions. 
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For identification the following salts were prepared from the acid sodium salt : 

(а) Neutral sodium salt. 1*06 g. were dissolved in 10 ml. water (pH 2*0) 
and one equivalent of NaOH added (pH 10). The solution failed to crystallize 
and the neutral salt (1*15 g.) was precipitated with alcohol. It was taken up in 
8 ml. water and dissolved on warming to 40°, but suddenly formed a gel on 
filtering. 

(б) Neutral barium salt. 0*43 g. acid sodium salt (109 mg. P) was dis¬ 
solved in 10 ml. water and the pH adjusted to 7*0 with a few drops of cold baryta. 
1-0 g. barium acetate in solution was added and the resulting white precipitate 
filtered, washed with water and dried: wt. 0-54 g.; 102 mg. P (= 93 % recovery). 
Analysis, P, 19*7%: orthophosphate nil ; 100% hydrolysis in 7 min. in N HC1 at 
100°, Ba, 43*7%; N nil; Fe approximately 0*8%; atomic ratio P/Ba= 1*99/1. 
(Ba(P0 8 ) 2 requires P, 20*99%; Ba, 46*51%. The salt was very insoluble in 
water and tended to form a colloidal solution in dilute HC1, from which the 
barium was not precipitated by dilute H 2 S0 4 in the cold. 1*0 ml. of the free 
acid, prepared by decomposition with the theoretical amount of H 2 S0 4 , con¬ 
taining 0*1 mg. P, gave a white precipitate with 1*0 ml. 2% peptone solution, 
indicating mctaphosphoric acid. No precipitate was obtained by addition of 
HjjSC),, HC1, BaCl 2 or sodium pyrophosphate -f acetic acid to a peptone 
solution. 

(c) Neutral silver salt. Some difficulty was at first met in preparing this 
salt from dilute solutions, owing to its colloidal nature. 0*2 g. acid sodium salt 
(50 mg. P) was dissolved in 5 ml. water+ NaOH to pH 7*0 and 5 nil. 10% 
AgNO s were added, giving a white precipitate. This was separated and washed 
twice with water at the centrifuge, the supernatant liquid being very opalescent, 
and dried in a vacuum desiccator. The yield was poor (66 % recovery) and the 
salt gave a slightly brown solution; wt. 0*22 g.; P, 15%; Ag, 53* 1 %: Ag P 
1*021. For comparison a sample of silver pyrophosphate was prepared without 
difficulty giving on analysis P. 10*7 %; Ag, 66*5 %, ratio Ag P 1*8 1. (Theorv for 
Ag^O; P, 10*2%; Ag, 70*7%; for AgP0 3 P, 16*5%: Ag, 57*7%.) 

There seems no reasonable doubt from the analyses and properties of these 
vsalts that at least 50 % of the labile phosphoric acid in the nucleic acid complex 
is metaphosphorie acid. 

The various acid-insoluble precipitates from the HC1 extraction were col¬ 
lected, dissolved in dilute NaOH and reprecipitated with methcol. The salts were 
rather more soluble in alcohol than previously and still contained a high pro¬ 
portion of labile P. Analysis, P, 12*3%; N, 5*9 %; wt. 2*10 g. It is possible that 
prolonged extraction with 5 % HC1 may split the nucleosidic linkage; only 28 % 
of the nitrogen was recovered in the acid-insoluble fractions, the remaining 
phosphorus and nitrogen being found in the alcohol filtrates. 

In recent years the occurrence of metaphosphorie acid in organic material 
has been so rarely mentioned that it was thought that this nucleic acid-meta- 
phosphoric acid complex had not previously been described. In fact Kossel 
[1893] isolated from yeast an acid “ Plasminsaure ” which he thought was a 
metaphosphorie acid closely associated within the cell with nucleic acid. Ascoli 
[1899], a pupil of Kossel, purified the “Plasminsaure” by extraction in hydro¬ 
chloric acid, prepared the silver and strychine salts 1 and again concluded 
from the analytical reactions that the acid was a metaphosphorie derivative. 
There can be no doubt that the nucleic acid complex now described is Kossel’s 
Plasminsaure. 

1 The salts all contained iron. Ascoli remarks the fact that both meta- and pyro-phosphoric 
acids inhibit the usual colour reactions of ferric iron. 
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Discussion. 

The fact that the process of fermentation of sugar by living yeast coincides 
with a decrease in the orthophosphate content of the cells affords strong evidence 
that phosphorylation is concerned in the glycolysis. The fate of the esterified 
phosphate is unknown, but the effects of fluoride and iodacetate on the phos¬ 
phorylation indicate a general resemblance to this process in yeast juice. 

The hypothesis that phosphorylation of carbohydrate is obligatory in glyco¬ 
lysis by all living cells is supported by the widespread distribution of phosphorus 
compounds known to intervene as coenzymes in cell-free glycolysis; by the 
phosphorylation of carbohydrate during glycolysis in dead or cell-free prepara¬ 
tions not only of yeast, muscle and bacteria but also of higher plants [see Tank6, 
1936]; and by the necessity for phosphate-carrying coenzymes in lactic acid 
formation by extracts of animal tissues [Euler et al. 1936; Boyland & Boyland, 
1935]. A direct comparison between the glycolytic processes of cells and cell-free 
extracts may be misleading because of the different conditions, e.g. accessibility 
of substrate, presence of coenzyme, existing in these systems. The view that 
enzymic glycolysis can take place without phosphorylation is based chiefly on 
such a comparison [Ashford & Holmes, 1929; Bumm & Fehrenbach, 1931; 
Ashford, 1933; 1934]. Phosphorylation is not necessarily demonstrable by an 
accumulation of hexosephosphoric esters; whilst a stoichiometric relation be¬ 
tween esterification and decomposition of hexose appears to be peculiar to yeast 
preparations. Nord et al. [1936] are also of the opinion that phosphorylation may 
be unnecessary, but they do not take into account the possibility that during 
glycolysis by living cells a change in the phosphorus distribution may be internal 
and not external to the cell. During glycolysis in the yeast cell the fluctuations 
in the acid-soluble phosphorus balance are of a small order (5% of the total 
phosphorus) yet the rate of glycolysis in yeast is comparatively high. It seems 
possible therefore that a change in the phosphorus distribution during glycolysis 
in organisms or tissues less favourable in this respect may be so small in amount 
as to lie within the experimental error, especially if inorganic phosphate is added 
to the medium. 

The occurrence of metaphosphoric acid in close association with nucleic acid 
and iron in the yeast cell arouses interest in the physical and chemical roles of this 
acid in the cell metabolism. The ease with which the nucleic acid complex was 
obtained free from extraneous material is probably due to the resistant nature 
of the yeast cell membrane whose continuity remains, even if its permeability has 
been altered, after treatment with trichloroacetic acid. It seems probable that 
the latter precipitates the nucleic acid complex as a nucieoprotein and that on 
subsequent neutralization the nucleic acid passes into solution through the cell 
wall whilst any redissolved protein, glycogen etc. is held back. A single attempt 
to obtain protein-free nucleic acid from pancreas by this method was unsuccessful; 
but the technique could probably bg applied to the isolation of nucleic acid from 
yeast or other cells with a cellulosic membrane. 

Since maceration extract [Lohmann, 1928, 2] and yeast juice contain only 
small amounts of ‘‘labile” phosphate, it is possible that the presence of this 
nucleic acid-metaphosphoric acid complex is not obligatory in enzymic glycolysis. 
It may however prove to be of importance in the economy of cell glycolysis. The 
modified fermentation brought about by the addition of toluene to the yeast cell 
is accompanied by decomposition of the nucleic acid complex with formation of 
orthophosphoric acid [see also Lewitow, 1936],* whilst the intact cell may be 
incubated in the absence of sugar without appreciable change. Pr eliminar y 
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experiments indicate that during the fermentation of sugar the composition of 
the nucleic acid fraction is significantly altered; further experiments are now in 
progress. 

Summary. 

1. At the onset of fermentation of sugar by fresh brewery yeast the acid- 
soluble orthophosphate content of the cells decreases in amount to a fairly 
constant value and regains the original level when fermentation ceases. This fact 
is evidence that phosphorylation is concerned in the glycolytic process of the 
yeast cell. 

2. The coincident changes in total, labile and organic (acid-soluble) phos¬ 
phate could not be consistently related to the fermentation process. Nothing is 
known of the nature of the compound formed by the disappearing orthophos¬ 
phate, but the phosphorus balance suggests that it may be acid-insoluble. 

3. A process is described by which different phosphorus compounds can be 
successively extracted from fresh yeast. 

4. Metaphosphoric acid has been shown to be present in the trichloroacetic 
acid extract of fresh yeast, but neither hexosedi- nor hexosemono-phosphoric 
ester has yet been identified. 

f>. Approximately 30% of the total phosphorus of yeast is present as a 
complex containing iron, nucleic acid and metaphosphoric acid. By extraction 
of the nucleic acid complex with hydrochloric acid, inorganic metaphosphate 
was obtained and identified. The nucleic acid complex is probably identical 
with the ’PlasminHaure” described by Kossel. 

(). During the autofermentation of yeast in the presence of toluene the 
metaphosphoric acid present in the nucleic acid fraction was decomposed, with 
the ultimate production of orthophosphate. 

I wish to record my gratitude to Prof. R. Robison for his invaluable advice 
and criticism. 
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It has been demonstrated that the co-operation of two organs, liver and kidney, 
is necessary for uric acid synthesis in pigeons [Krebs & Benzinger, 1933; Schuler 
& Reindel, 1933, 1, 2]. On this account it is possible to resolve the complex 
process into two parts which may be studied individually. In this paper it will lx* 
shown that the primary process is a ring synthesis, occurring in the liver and 
yielding hypoxanthine, which is then oxidised to uric acid by the kidney (or by 
certain other tissues) under the influence of xanthine oxidase. Thus in pigeons 
xanthine oxidase is a component of the system which synthesizes uric acid. 

Methods. 

The tissue slice technique was employed, the medium being the physiological 
saline originally devised for mammalian tissues [Krebs & Henseleit, 1932]. This 
procedure is permissible, because the ionic composition of bird’s serum does not 
differ significantly from that of mammalian serum [Dyer & Roe, 1934; Morgan & 
Chichester, 1935]. The concentration of bicarbonate was 0*025 M and the saline 
was in equilibrium with an atmosphere of 5% C0 2 + 95 % 0 2 . The pH was 7*4. 
Substrates were added in neutral solution: acids as sodium salts, ammonia as 
chloride. 

The slices were prepared in the usual way and washed with saline as described 
by Krebs & Henseleit [1932]. The temperature of the thermostat was 40° unless 
otherwise stated. The tissue (10-20 mg. dry weight) was immersed in 3*0 ml. 
saline and shaken usually for 2 hours, after which the change in concentration of 
metabolites was sufficient for accurate determination. 

Uric acid was estimated manometrically [Edson & Krebs, 1936]. 

Quantities of metabolites are expressed as pi. gas in the customary way. 
17 mg. ammonia are considered equivalent to 22,400 pi. and 1 millimol uric acid 
(168 mg.) is made equivalent to 2 x 22*400 pi. C0 2 , since 1 molecule uric acid 
yields 2 molecules C0 2 in the determination. 

The rate of metabolism is expressed by the following quotients: 

n jANH, 

'VNH, mg, tissue (dry weight) x hours ’ 

Vurlc acid— tiMue ^ weig bt) x jj 0Ure * 

1 Beit Memorial Research Fellow. 

( 1380 ) 
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The site of uric acid formation in pigeons. 

It is known that pigeon liver and kidney slices form mere traces of uric acid 
when the tissues are examined separately, but considerable quantities are pro¬ 
duced if both tissues are present together in ammonia-containing saline [Krebs & 
Benzinger, 1933; Schuler & Iieindel, 1933,1 ]. Schuler & Reindel [1935] published 
experiments, moreover, which suggest that pancreas slices may replace kidney. 
Experiments in which uric acid was determined manometrically are in agreement 
with these previous observations (Table I). 


Table I. Uric acid production by pigeon tissues. 


Tissue present (mg.) 

1. Liver (2103) 

2. Kidnej (11*59) 

3. Pampas (14-00) 

4. Liver (13*67) -r kidney (15*80) 

5. Liver (10*24) pancreas (3*92) 


Uric acid formed 
in 2 hrs. /il. t’() 2 

91 

10*0 

13-4 

50*0 

35*0 


Tht disappearance of ammonia. 

In attempting to elucidate the separate functions of the relevant tissues we 
first identified the tissue that binds ammonia. Slices of the different tissues were 
shaken alone in saline containing ammonium chloride, and after 1 or 2 hours 

Table II. Disappearance of ammonia in the presence of bird's liver slices. 

Amount of 




NH a 

por flask 









Duration 

NH, 


Liver 

State of 

f 


A 

of 

used 


mg. 

nutrition 

Substrate Initial Final 

exp. 

^* 




I. Pigeon. 






15*00 

Starved 

Nil 

400 

314 

2 hr**. 

92 

2*93 

13*47 

48 hrs. 

{//-Lactate, 0*02 M 


157 


249 

9-24 

13*48 


Pyruvate, 0*02 M 


104 


302 

11*2 

13*01 


Glycerol, 0*02 M 

f 9 

294 


112 

4*30 

13*37 


a-fcetoglutarato, 0*02 M 


270 


130 

5*09 



Jf. Pigeon. 






28*94 

Starved 

Nil 

390 

135 

2 hrs. 

255 

4*41 

22*75 

24 hrs. 

Succinate, 0*02 M 

»* 

175 


215 

4*72 

24*38 


a-Glyeorophosphate, 0*02 M 

»• 

262 


128 

2*63 

19*49 


Pyruvate, 0*02 .1/ 

M 

26 


364 

9*34 

24*13 


Acetate, 0*02 3/ 


295 


95 

1*97 

20*53 


l (-r- pGlutamate, 0*02 M 

»• 

207 


183 

4*40 

25*90 


Glucose, 0*02 3/ 

»» 

149 


241 

4*05 

28*50 


Glycine, 0 02 3/ 

»* 

108 


222 

3-90 

23*92 


Gl\eerol, 0*02 Jf 

»« 

81 


309 

6*40 

22*72 


w-Oetanoate, 0*02 3/ 

M 

293 


97 

2*13 

29*98 


Ornithine, 0*02 3/ 

H 

142 


248 

4*14 



III. Pigeon. 






8*69 

Well fed 

Nil 

448 

240 

2 hrs. 

208 

12*0 

7*16 


^//-Lactate, 0*018 3/ 

M 

213 


235 

16*5 



IV. Pigeon. 






19*23 

Well fed 

Nil 

515 

278 

100 min. 

237 

7*40 

14*95 


Pvruvate, 0*01 M 

M 

156 


359 

14*2 



V. Fowl. 






16*61 

Well fed 

Nil 

416 

182 

2 hrs. 

234 

7*04 

21*29 


(//•Lactate, 0*01 M 

»* 

140 


276 

0*49 

20*50 


Pyruvate, 0*01 M 


57 


359 

8*75 

19*90 


0-Phosphoglycerate, 0*01 M 


172 


244 

6*14 

21*19 


a-Ketoglutarate, 0*01 3/ 

** 

105 


311 

7*07 

19*73 


a-Glycerophosphate, 0*01 Jf 

»» 

no 


306 

7*75 



1382 


N. L. EDSON, H. A. KREBS AND A. MODEL 


ammonia was determined by the method of Pamas. Neither kidney nor pancreas 
removed added ammonia, whereas liver caused the disappearance of large 
amounts. Table II shows the rate of ammonia disappearance in pigeon's and fowl’s 
liver in the presence of various substrates. We added these substances expecting to 
obtain information about the source of the carbon skeleton of uric acid. Although 
lactic and pyruvic acids have a more marked effect than other substrates 
especially in the starved animal, it seems premature in view of the complex nature 
of the systems involved to draw definite conclusions from this fact. 

The effect of xanthine oxidase prepared from milk. 

The traces of uric acid formed by pigeon’s liver account for about 5 % of the 
ammonia which has disappeared. If, however, the total nitrogen in solution is 
determined by Kjeldahl’s procedure, no significant decrease is observed during 
ammonia disappearance. This shows that the nitrogenous substance which is 
formed from ammonia, and which is not uric acid, is returned to the solution by 
the tissue slices, and the problem of its identity arises. 

It is characteristic of this substance that it yields uric acid with kidney and 
pancreas of the pigeon. The work of Morgan [1926] suggested to us that the 
substance in question might be xanthine or hypoxanthine, because Morgan gave 
the following distribution of the enzyme in birds: 

Xanthine 

oxidase 

Pigeon Liver - 

Pancreas + 

Kidney + 

Fowl Liver >- 

We have confirmed these observations, using a more sensitive technique recently 
developed by Booth [1935]. 

The findings of Morgan are therefore in agreement with the view that the 
action of xanthine oxidase is the final step in uric acid synthesis in birds, which 
requires a second tissue in the pigeon but not in the fowl. In order to test this 
assumption we attempted to replace kidney and pancreas by a xanthine oxidase 
preparation (“whey preparation”) made from milk according to the directions 
of Dixon & Kodama [1926]. The results in Table III show that the assumption is 
correct: pigeon’s liver produces a substance which gives uric acid in presence of 
xanthine oxidase. 

Table III. Effect of milk xanthine oxidase on the pigeon's uric acid 

precursor . 

Uric acid formed 
in 2 hrs. 


Tissue and enzyme /d. C() 2 

1. Liver (21*03 mg.) 9*1 

2. Xanthine oxidase (50 mg.) 3 

3. Liver (23*02 mg.) + xanthine oxidase (50 mg.) 03 


In view of the high specificity of xanthine oxidase it is probable that the 
uric acid precursor is either xanthine or hypoxanthine. The following measure¬ 
ment of the relation between oxygen uptake and uric acid formation shows that 
the substance behaves like hypoxanthine. 

Pigeon liver slices (303 mg.) were shaken for 2 hours in ammonia-containing 
saline (50 mL), and after removal of the slices bicarbonate was decomposed with 
hydrochloric add, and phosphate buffer (pH 7-4) was added. 3*0 ml. of this 
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solution were measured into a manometrie cup and 0*1 ml. xanthine oxidase 
solution was placed in the side-bulb. The flask was equilibrated in the thermostat 
and the oxygen uptake was measured after addition of xanthine oxidase. When 
the oxygen uptake ceased uric acid was determined (Table IV). 

Table IV. Oxygen uptake and uric acid formation under the influence of 

xanthine oxidase . 

3*0 ml. Kinger Holution in which pigeon liver slices had l>een shaken for 2 hrs. 4- 

xanthine oxidase. 


Time 

Oxygen uptake 

l>ir acid 

min. 

Ml- °2 

Kl. co 2 

JO 

36*1 

— 

20 

44-2 

— 

30 

4.vr> 

— 

40 

45-5 

(1 mM uric acid— 2 mM C() s ) 

870 


If xanthine were* the only substrate undergoing oxidation to uric acid, the 
molecular ratio 0 2 consumed uric acid formed would have? the value 0-5, or if it 
were hypoxanthine, 1 *1). The observed value is 45*5 43*5 = 104 which suggests that 
the purine base is hy]K>xanthine rather than xanthine. Ft should be mentioned 
that added xanthine and hypoxanthine yield the theoretical ratios under the 
conditions of the experiment recorded in Table IV. 

The presence of the purine base is easily demonstrated bv the methylene 
blue technique. Ringer solution containing ammonium salt in which pigeon liver 
slices have been shaken will reduce methylene blue rapidly if xanthine oxidase 
be added. 5*0 ml. of the solution mentioned above (303 mg. liver in 50 ml. 
saline) were mixed in an evacuated Thunberg tube with 0-2 ml. methylene blue 
solution (0*1%) and 0-3 ml. 20% xanthine oxidase suspension at pH 8*0. 
Reduction was complete in 34 min. at 40°. A control without xanthine oxidase 
showed no reduction in 24 hours. 

The isolation of hypoxanthine. 

The above conclusions have been confirmed bv the isolation and identification 
of hypoxanthine. The liver of a pigeon was cut into slices which were evenly 
distributed amongst three large shaking vessels, each of which contained 40 ml. 
of biearbonate-Ringer solution. The Ringer solution was 0-02 3/ with respect to 
pyruvate and 0-007 M with respect to ammonium chloride. The slices were shaken 
for 2 hr. at 40 n , the gas space containing a mixture of 5% C0 2 and 95% 0 2 . 

After removal of the slices the fluid was deproteinized with 0*1 volume of 
30 % trichloroacetic acid, and the purine base was separated by the method of 
Salkowski [1898]. The protein-free filtrate was treated with 20 ml. strong 
ammonia in order to remove phosphates. Since the calcium and magnesium ions 
present were more than equivalent to the phosphate ions the use of magnesia 
mixture was unnecessary. The clear filtrate (after phosphate precipitation) was 
reduced to one-eighth its original volume by evaporation on the water-bath. 
Purine-containing extracts from the livers of six pigeons were treated in the same 
way and combined, made strongly alkaline with ammonia and the purine pre¬ 
cipitated with 10 ml. 5% silver nitrate solution. The yellowish, gelatinous 
flocculum of silver purine was separated by centrifuging, washed twice with 
dilute ammonia and finally with distilled water. Previous tests had shown the 
absence of uric acid from the extract, and therefore none of the usual pre¬ 
cautions for the separation of that substance was necessary, 

Biochem. 1936 xxx 89 
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The purine silver compound was dissolved in hot nitric acid (sp. gr. LI), 
from which it crystallized in small white needles immediately on cooling. This 
behaviour is characteristic of hypoxanthine silver nitrate. The product was 
recrystallized three times from hot nitric acid of sp. gr. LI. From 3*86 g. of liver 
(dry weight) 43 mg. hypoxanthine silver nitrate were obtained. In other experi¬ 
ments the yields were from 4*51 g. liver 55 mg. and from 5*60 g. liver 74 mg. 
hypoxanthine silver nitrate. 

Free hypoxanthine was prepared by decomposing the silver nitrate compound 
with hydrogen sulphide. 30 mg. hypoxanthine silver nitrate were suspended in 
20 ml. distilled water and the liquid saturated with H 2 S. The filtrate from the 
silver sulphide was warmed and aerated to remove HgS; it was then made weakly 
alkaline with ammonia and aerated again until it was free from ammonia and 
was then evaporated on the water-bath until the volume was 2 ml. When the 
solution was cooled in the ice-box, a finely divided, white substance was deposited; 
yield, 10 mg. This was recrystallized three times from distilled water and dried 
in vacuo for several days before analysis. 

Elementary analysis (Dr Weiler, Oxford) 



C 

H 

N (Dumas) 

Substance isolated 

44-70 

3-2 A 

39-80 

Substance isolated 

— 

— 

39-48 

Calculated for hypoxanthine 

44-10 

2-96 

41-17 

Calculated for xanthine 

39-40 

2-0/5 

30-84 

Pure hypoxanthine (Hoffmann-La Roche) 

44-87 

3-43 

40*31 

Pure hypoxanthine (Hoffmann-La Roche) 

— 

— 

39-11 


The values for the nitrogen (Dumas) tend to be low, but pure hypoxanthine gives 
the same low figures and the agreement between the figures obtained for 
hypoxanthine and for the substances isolated from liver is very satisfactory. 


Properties of the substance isolated. 

1. A white, micro-crystalline, non-deliquescent powder, sparingly soluble 
in cold water but rather more soluble in hot water. 

2. The solution reduced methylene blue anaerobically in presence of xanthine 
oxidase. 

3. When a solution of the substance was shaken with xanthine oxidase in air, 
it absorbed oxygen and formed uric acid. 

4. It formed a salt with nitric acid and silver nitrate. When this salt was 
treated according to Strecker [1858], it gave a compound with the properties of 
hypoxanthine silver, oxide; N, 15*96%, the theoretical value being 15*63% 
[Bruhns, 1890]. 

The above facts establish the identity of the uric acid precursor as hypo¬ 
xanthine. This is the purine which Schuler and Reindel [1935] have recently 
stated to be formed by pigeon’s liver. 

The influence of cell structure. 

There is no disappearance of ammonia in preparations of liver, the cell 
structure of which has been destroyed by processes such as grinding with sand. 

It has been mentioned that kidney slices can be replaced effectively by 
xanthine oxidase prepared from milk. Further, a kidney preparation made by the 
method of Booth [1935] is an adequate substitute for slices, although cell structure 
is destroyed. 
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The quantitative relationship between ammonia disappearance and hypo- 

xanthine, formation . 

Determinations of hypoxanthine show that the amount of hypoxanthine 
formed accounts for not more than 30% of the ammonia disappearing in the 
presence of lactate and pyruvate. There are other ammonia-binding mechanisms 
in liver and large quantities of amino-nitrogen are formed under some conditions, 
especially in the presence of lactate or pyruvate. These data and the methods 
employed will be published in a later communication. 

Uric acid synthesis in other birds. 

The presence of hypoxanthine could not bo detected in saline in which fowl's 
or duck’s liver slices had l>een shaken, but this does not contradict the hypothesis 
that hypoxanthine may also be the direct precursor of uric acid in these birds as 
well as in the pigeon, since the xanthine oxidase activity of hen's and duck's liver 
is so high that hypoxanthine would be removed more quickly than it was formed 
by synthesis. The experiments of Table V indicate that this is the case. 


Table V. Bates of uric acid formation from ammonium chloride and from 
hypoxanthine in fowl and duck livers. 


Animal 

Substrate 

Q uric .ictii 

1. Fowl 

XH 4 CI; 0-01 M pyruvate 

115 


Hypoxanthine (MN)25 M 

1-97 

2. Duck 

NH 4 Cl; 0*01 -V iff-lactate 

0*96 


Hypoxanthine 0*0025 M 

4-7C. 


Summary. 

J. In pigeons two tissues are necessary for uric acid synthesis. The primary 
step, the binding of ammonia with some uncertain source of carbon, occurs in the 
liver where hypoxanthine is formed. 

2. The final conversion into uric acid, which takes place in the kidney (or 
pancreas), is an oxidation catalysed by xanthine oxidase. 

3. There is evidence suggesting that hypoxanthine is also an intermediate in 
other birds. 
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CXCVII. AN INVESTIGATION OF THE 
RATES OF DIGESTION OF STARCHES 
AND GLYCOGEN AND THE BEARING ON 
THE CHEMICAL CONSTITUTION. 

I. ACTION OF AMYLASES ON STARCHES 
AND GLYCOGEN. 

By GERTRUDE EVELYN GLOCK. 

From the Department of Physiology, Bedford College , University of London. 

(Received 5 June 1936.) 

Starches from different sources show very different rates of hydrolysis by 
amylases. This is presumably due to differences in the composition of the starch 
granules. Dietetically, however, starches are usually considered of equivalent 
food value, provided that they all undergo complete digestion. Having found 
that potato and rice starches are hydrolysed at very different rates, as judged by 
the achromic point, and being unable to find in dietetical and chemical literature 
information concerning this, we decided to investigate the rates of digestion 
and of the formation of the intermediate hydrolysis products of the starches 
which are incorporated in our diet. Glycogen was later included in the investiga¬ 
tion. In this way it was hoped to gain information concerning the differences in 
chemical constitution of the different starches and their relative digestibilities. 

Concerning the chemical structure of starch little need be said here. The work 
of Samec [1927], Ling & Nanji [1923], Schardinger [1909; 1911], Pringsheim & 
Wolfsohn [1924] all supports Maquenne & Roux’s [1906] theory that the starch 
granule consists of two constituents (termed by these workers amylopectin and 
amylose). The work of Karrer & Nageli [1921,1,2] and of Haworth [1931; 1932; 
1935], Hirst et al. [1932], on the other hand, supports the now more generally 
adopted view that starch is homogeneous in structure. Amylose and amylopectin 
are reported to be formed by successive depolymerization and repolymerization 
of natural starch and their distinctive characteristics to arise from differences 
in physical character or from admixture with other substances. 

Most workers consider that the unrestricted action of maltase-free amylases 
on starch leads to the formation of one sugar only, namely maltose, and that by 
the prolonged action of amylase there is probably at least 80% conversion into 
a-glucosidic maltose. Certain early workers, however, namely Lintner & Dull 
[1892; 1893] considered that isomaltose is formed in addition to maltose, iso- 
Maltose, as prepared by these workers by the action of malt diastase on potato 
starch, has a reducing power of 80 % of that of maltose, [a] ;> 140°, and forms an 
osazone of m.p. 151° which crystallizes in spherical groups of very fine light 
yellow needles and is very much less soluble in water and alcohol than malt- 
osazone. Syniewski [1902] confirmed the above work and claimed to have 
isolated pure iaomaltose (termed by this worker “dextrinose”). Brown & 
Morris [1895] showed that Lintner’s isomaltosazone is not a separate chemical 
entity but is only maltosazone altered in crystalline form and m.p. by admixture 
with an amorphous osazone of a simple dextrin. Ling & Baker [1895] are also 
of this opinion. Pottevin [1899] interpreted the amylolytic hydrolysis t)f starch 
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as due to partial hydrolysis of the starch granule by means of an enzyme 
“amylase”, into a series of dextrins, ranging from amylodextrins, giving a blue 
colour with iodine and exhibiting slight Fehling’s reducing properties, to 
achroodextrins or simple dextrins, giving no colour with iodine and having high 
Fehling’s reducing properties. A second enzyme “dextrinase” then converts 
these dextrins into maltose. According to Chrz^szcz [19HJ, an amylase contains 
separate depolymerizing, dextrinizing and saccharifying enzymes, which view 
was later supported by Pringsheim [1924], but this assumption does not seem to 
be essential. Nishimura [1928] regards amylases as being composed of one en¬ 
zyme only, which saccharifies and depolymerizes, the latter notably in the 
presence of a co-enzyme. Olsson [1923] showed that the saccharifying enzyme is 
different from the liquefying enzyme because the addition of certain poisons 
reduced the liquefying action without affecting the saccharifying power. 
Kendall & Sherman [1910] found that the liquefying action is predominant with 
pancreatic amylase and the saccharifying action with malt amylase. These two 
enzyme components have now been successfully separated by Van Klinkenberg 
[1934]. Karrer [1921] considered diastatic action to consist of two phases, 
depolymerization and hydration, the latter phase involving the hydrolysis of 
maltose anhydride to maltose. The saccharification of depolymerized amvlose 
and amylopectin does not proceed at the same rate. A my lose smoothly and 
quickly gives rise to the theoretical amount of maltose, whereas the saccharifica¬ 
tion of amylopectin is slower and usually ceases when about 78 % of the theoretical 
yield of maltose is produced. The remaining residual dextrin can, according to 
Pringsheim & Reiser [1924] be converted into maltose if a co-enzyme (present in 
yeast) is added. Kuhn [1924] divided amylases into two groups, the a- and 
/8-amylases according to the point of attack of the starch molecule, a-Amylases 
produce a-glucosidic maltose as the end-product of starch degradation and 
^-amylases produce /8-glucosidie maltose initially. Amylases from animal 
sources and takadiastase are a-amylases and vegetable amylases, with the 
exception of takadiastase, are, /3-amylases. Kuhn concludes that in view r of the 
behaviour of the starch granule tow ards plant and animal amylases, the starch 
molecule consists of alternating a- and /3-glucosidic linkages. If both a- and 
/8-glucosidic groupings occur in the starch molecule it should be possible to 
obtain glucose from starch if both a- and /3-amylases are made to act on starch 
paste. Pringsheim & Liebowitz [1925] showed this to be true. Ohlsson [1930] 
showed that his 4 *doxtrinogenamyla.se'* from malt w r as identical with Kuhn's 
a-amyl&se and his “saccharogenamylase” with Kuhn’s /8-amylase. As judged 
from the relative permanence of the starch-iodine reaction, Ohlsson concluded 
that the former enzyme breaks down starch into progressively smaller molecules 
until maltose is produced, whereas the latter enzyme detaches maltose in 
successive stages. Van Klinkenberg [1932], in opposition to Kuhn, regards the 
a- and /8-glucosidic linkages as occurring not in the same molecule but in dif¬ 
ferent molecules, in a- and /8-starch, respectively. 

Little work has been done on the rates of digestion of different starches and 
the results that are quoted are very discrepant. The chief reason for this 
discrepancy is that two different methods are used for determining the amount of 
digestion that has occurred. These two methods, the acbromic point and a sugar 
determination, are actually estimating different things. The achromic point 
determines when all the starch has been broken down at least as far as achro- 
odextrin, although this does not necessarily mean that there is any sugar present. 
A sugar determination, on the other hand, estimates the maltose present and 
also any reducing dextrins, but there may at the same time be a considerable 
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amount of unchanged polysaccharide left. In order to get an accurate conception 
of the amount of starch degradation that has taken place at any time it is 
necessary to determine at least four factors; the achromic point, the unchanged 
polysaccharide, the total reducing power and the reducing power due to maltose 
alone. O’Sullivan [1904] found that a much lower percentage of maltose was 
formed by the action of malt amylase on potato starch than on cereal starches. 
Stone [1904] found that potato starch was more readily digested by pancreatin 
than were cereal starches. Ford [1904] showed that when rice, barley, maize, 
wheat and potato starches were purified by the same method, they were digested 
equally by malt extracts. Nagao [1911] found that wheat and rye starches were 
hydrolysed at equal rates by pancreatic amylase and that oat and barley starches 
were digested at approximately the same rate, but that the rate of hydrolysis of 
the latter two was considerably higher than that of wheat and rye. Sherman et al. 
[1919] showed that, when similarly purified by washing with dilute alkali to 
extract any gluten, wheat, maize and rice starches were hydrolysed at equal 
rates. Potato starch generally showed a rate of hydrolysis equal to or slightly 
greater than the cereal starches. These experiments were performed with both 
pancreatic and salivary amylases. The percentage hydrolysis was determined in 
each case at the end of 30 min. by estimating the reducing sugar by Fehling’s 
method. 

Concerning the breakdown of glycogen, Musculus & Mering [1879] showed 
that glycogen gave the same hydrolysis products as starch. Cremer [ 1894] found 
that the amylolytic hydrolysis of glycogen was muc h slower than starch. Tebb 
[1897] found that when glycogen was digested by ptvalin, amvlopsin and malt 
diastase, both maltose and taromaltose were formed. Osborne & Zobel [1903] 
found that both pancreatic and malt amylases formed isomaltose alone as the 
end-product, wiiereas both takadiastase and salivary amylase produced glucose 
in addition to isomaltose. Horton [1913] showed that the hydrolysis of glycogen 
by pancreatic amylase proceeded much faster in the early stages, but the subse¬ 
quent breakdown of dextrin was very slow and there was seldom a quantitative 
conversion into maltose. Pringsheim’s view' that amylopectin and glycogen are 
identical was further substantiated by the work of Pringsheim & Beiser [1924] 
who showed that a co-enzyme was necessary for the complete hydrolysis of 
glycogen, just as in the case of amylopectin. Barbour [1929] showed that with 
salivary amylase the chief end-product was i«somaltose, and there was also 
occasionally glucose present, but never any maltose. With pancreatic amylase, 
both isoi naltose and glucose were formed. He found that there wras a serial 
degradation of glycogen with pancreatic amylase, the increased reducing power 
corresponding with disappearance of glycogen, whereas with salivary amylase 
there was no such correspondence. 

In view of these rather discordant results and conclusions the present investi¬ 
gation was carried out using potato, maize, wheat and rice starches (all of these 
having been obtained from B.D.H.) and glycogen (Kahlbaum). 

The ash and P contents of all the samples were determined; as a further test of 
purity nitrogen analyses were performed but the results were negative in all 
cases. The values obtained are given in the following table, all the estimations 
being performed on the dried material. 


Polysaccharide 

% Ash 

%p 

Maize starch 

0*084 

0-055 

Wheat starch 

0185 

0-142 

Potato starch 

0*285 

0-110 

Rioe starch 

0*284 

0-068 

Glycogen 

MOO 

0-298 
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The ash in each case gave a positive iron reaction. The P was determined by 
Neumann's method using 0-5-2-0 g. of dried material. The results are of the same 
order as those obtained by Samec & Haerdtl [1920] and the higher value ob¬ 
tained for glycogen substantiates the generally adopted view that glycogen has a 
higher electrolyte content than starches. 

A chromic point . 

The achromic points were determined for each polysaccharide, using a 1 % 
solution and hydrolysing it in turn with saliva, takadiastase, malt diastase and a 
solution of “Holadin” (a pancreatic preparation particularly rich in amylopsin) 
at the appropriate optimum pH. Whichever amylase was used, the achromic 
]>oints were always in the same order, this point being reached very much more 
quickly with potato starch and glycogen than with rice, wheat and maize 
starches, these latter three, however, all giving the achromic point at approxi¬ 
mately the same time. 

Starch 


A my law 

Potato 

HOC. 

Maize 

hours 

Rico 

hour* 

Wheat 

hours 

Glycogen 

Salivary 

20 

1 '.*> 

ir» 

]*.“> 

Few hoc. 

Pamreat it* 

o 

2-2.1 

2-23 

2-23 

Immediate 

Taka diastase 

20 

4 

4 

4 

Few sec. 

Malt 

240 

3 

3 

3 

2 min. 


As will be seen from the following results, the achromic point is a very un¬ 
reliable index of the amount of digestion that has taken place. 

According to Van Klinkenberg [1934] iodine-colouring atomic groups are 
present in a-starch only and the iodine reaction therefore only disappears by the 
action of a-amylase. 

Rate of degradation of the different starches and of glycogen. 

The course of the enzymic hydrolysis of glycogen and of each of the starches 
was followed using pancreatic amylase (“Holadin”). The salivary and malt 
digestions of wheat starch and glycogen were also followed. 

The maltase activity of all the enzyme preparations w as tested by incubating 
2 % maltose solutions with relatively large amounts of the enzyme and testing 
for glucose by an osazone test after 3 days. Except with the malt preparation, 
glucose was produced in every case. On diminishing the concentration of 
enzyme, however, no glucose was formed even with concentrations of enzyme 
ten times as great as those used in the subsequent hydrolyses. It is concluded 
that these enzyme preparations contain only traces of maltase which an' in¬ 
effective in the low concentrations in which they were employed and would 
therefore be overlooked in most cases. 

The following estimations were performed: 

(1) estimation of unchanged polysaccharide; 

(2) estimation of total reducing power using the Wood-Ost method; 

(3) estimation of reducing power due to sugar alone using the same method. 
In the later experiments Hanes's [1929] method of sugar estimation was sub¬ 
stituted for that of Wood-Ost. From these data it is possible to calculate the 
amount of polysaccharide that has been broken down, the amounts of reducing 
dextrin and maltose formed, and, by deduction, the amount of non-reducing 
dextrin. 
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These three estimations were performed on samples of the digest immediately 
after mixing and 15, 30, 60 or 90, 120, 180, 330 min., 24 or 72 hours after the 
beginning of the experiment. 

An osazone test was also performed on samples from each digest, after 
alcohol precipitation of any residual starch and dextrins followed by evaporation 
of the alcohol from the filtrate. In no case was a typical maltosazone observed. 
Most frequently the osazone consisted of relatively large rosettes of very fine 
needles but very often these needles were tufted at their free extremities. It 
seems impossible to place any reliance on the appearance of the osazone; either 
the crystalline form typical of maltosazone had become modified by admixture 
with another substance (perhaps dextrins which had not been completely removed 
by alcohol precipitation) or else maltose is not the sole product of hydrolysis. 

Different methods were employed for the estimation of starch and glycogen. 

The starch was estimated by a modification of the von Fellenberg method 
[1916], This method depends on the principle that starch dissolves in concen¬ 
trated CaCl 2 solution, from which it can be precipitated by iodine. Protein, 
which might be present in small amounts, is insoluble in CaCl 2 solutions and 
by dextrins are not precipitated from CaCl 2 solutions by iodine. 

The digestion mixture in the case of the pancreatic digestion consisted of 
225 ml. of 1 % starch solution in 0*5 % NaCl, 70 ml. of borate 1 buffer of pH 0-8 
and 5 ml. of 0-1 % solution of holadin in distilled water. This mixture was left in 
a thermostat at 37° and samples were removed at the time intervals stated above. 

The total reducing power was determined by the Wood-Ost method, intro¬ 
ducing 5 ml. of the digest into 20 ml. of the Wood-Ost solution. This was per¬ 
formed in duplicate. 

In order to determine the reducing power due to maltose alone, 10 ml. of the 
digest were removed, boiled to inactivate the enzyme, cooled and made up to 
50 ml. in a graduated flask with absolute alcohol. This was left overnight, filtered 
and 20 mi. portions of the filtrate used for the Wood-Ost determination. In many 
cases a further estimation was carried out. A portion of the alcohol filtrate, 
which should contain maltose alone, was heated on a water-bath to drive off all 
the alcohol and the reducing power determined after acid hydrolysis. This 
should indicate whether maltose is the sole sugar formed. 

Furthermore, in a few cases, polarimetric determinations were carried out on 
the alcohol filtrates, after the alcohol had been driven off and the subsequent 
solution considerably concentrated and the turbidity removed, if necessary, by 
the addition of a small amount of basic lead acetate. 

At the end of each experiment the digest was tested for lactic acid by 
Uffelmann’s reagent. This test was in all cases negative. 

The digestion mixture for the glycogen hydrolysis was the same as for the 
starches. The total reducing power and the reducing power due to sugar were 
determined in exactly the same way as described for starch. In the determination 
of the residual glycogen, the observations of Good et al. [1933], that the optimum 
concentration of alcohol for the precipitation of glycogen is 50 % and of Osterberg 
[1930] that this precipitation is assisted by the use of Na 2 S0 4 , which carries 
down mechanically the precipitated glycogen with the precipitate of Na 2 S0 4 , 
were made use of. For the glycogen determinations 3 ml. samples of the digest 
were employed and the glucose, after acid hydrolysis was estimated by Hanes’s 
method. 

1 Phosphate buffers cannot be substituted for borate buffers, since it was found that boiling 
the starch and phosphate mixture with CaCl 2 led to the complete disappearance of the starch. 
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The results are represented diagrammatically (Fig. 1) and in addition three 
graphs are given plotting respectively the percentage disappearance of poly¬ 
saccharide, the percentage formation of reducing dextrin and maltose, and the 


Pancreatic digestion 



Malt digestion 



'Salivary digestion 



l Unchanged polysarrbande 
1 Non-rnluun^ d.-ntrin(obtained by difl ) 
'Hrdunng di-xtrm (caiculjtrtl 4., iiidu**) 
1 MaJfo-e 


Fig. J. Representing the formation of the products of digestion 
of starches and glycogen. 


°o disapjHuirance % formation reducing ° 0 formation 
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Fig. 2. Digestion of starches and glycogen by pancreatic amylase. 

percentage formation of maltose against time. (The time axis is shortened for 
economy of space.) 

Nature of sugar formed on hydrolysis . 

As has already been stated most observers agree that maltose is the sole 
sugar formed on hydrolysis of starch or glycogen by amylases. The present 
results are not entirely in agreement with this. The same sugar was formed from 
all the starches and from glycogen hut as judged from the appearance of the 
osazonfc, the amount of glucose formed on acid hydrolysis and the optical rota¬ 
tion of the sugar, this sugar could not be identified with maltose. The appearance 
of the osazone has already been described. On acid hydrolysis of the digest, after 
precipitation of the unchanged polysaccharide and dextrins with alcohol, 
120-140% yield of glucose was obtained (assuming that the sugar before 
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hydrolysis was maltose). This means that the reducing power of the sugar before 
acid hydrolysis was only,70-85 % that of maltose. In no case, as judged by the 
osazone was any glucose present, but if any were present this would mean that 
the other sugar would have a reducing power even further removed from that of 
maltose than the value given above. 

In a few cases only was the optical rotation determined, but when this was 
done it was invariably found that there was lack of agreement between the 
optical rotation and the reducing power (assuming the sugar to be maltose only). 
The optical rotation was in each case 124*5 % that of maltose. This value is very 
similar to that given for a-maltose, but this possibility is excluded because no 
mutarotation was observed after treatment with alkali. The constancy of this 
figure obtained both from potato and wheat starches at different stages of 
hydrolysis indicates that only one sugar could be present. If a mixture of sugars 
were present, it is extremely unlikely that they would be present in exactly the 
same proportions under different conditions. These results might be explained 
by the presence of reducing dextrins, but since the final concentration of alcohol 
before filtration of the unchanged polysaccharide was 80% this seems im¬ 
probable. 

The appearance of the osazone and the reducing power corresponded fairly 
closely with those of i’somaltose as described by Lintner & Dull. The specific 
rotatory power, however, was different. The figure given for iaomaltose is 
M/>~ 140°, which is only very slightly different from that of maltose. 

Discussion of results. 

There are at least four different criteria of the rate of degradation of the 
polysaccharides: 

(1) rate of disappearance of polysaccharide: 

(2) rate of formation of maltose and reducing dextrin; 

(3) rate of formation of maltose; 

(4) achromic point. 

The following table represents the order of these events, the polysaccharides 
being arranged in order of decreased speed of hydrolysis by pancreatic amylase 
as indicated by the different criteria. 

Katf* of formation 

Kate of disappearance of reducing dextrin Rate of formation 

Achromic point of polysaccharide and maltose of maltose 

Glycogen Potato, maize Wheat, potato Wheat, rice 

Potato Wheat, rice Maize, rice Potato 

Maize, wheat, rice Glycogen Glycogen Maize 

Glycogen 

It is difficult to reconcile the very quick achromic point of glycogen with its 
slow rate of breakdown and formation of dextrin and maltose. It must be the 
figures for the achromic point which are at fault, since it was found very difficult 
to determine this value when very weak glycogen solutions were used, the colour 
being only with difficulty distinguishable from that of a weak iodine solution. 

It is interesting to note that in the case of glycogen, the rate of formation of 
maltose reached a steady state after 2 hours, although the formation of reducing 
dextrin and the disappearance of glycogen were still occurring. (The decrease in 
the 24 hours value for maltose seen in the results for wheat and maize starches is 
presumably due to fermentation.) 

In the case of the salivary digestion of glycogen and wheat starch* although 
the salivary amylase was obviously relatively very much stronger Ilian the 
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pancreatic amylase, the results are in the same order, the figures for glycogen 
being in every case smaller than those for wheat starch. 

In the case of the digestion of glycogen and wheat starch with malt there is 
a slightly greater breakdown of glycogen than with pancreatic and salivary 
amylases. Malt contains chiefly /3-amylase, but this does not warrant the 
assumption that glycogen contains a preponderance of /3-linkages. The break¬ 
down of glycogen by pancreatic, salivary and malt amylases is essentially similar 
in character. 

These differences in the hydrolysis rates of the different starches must be due 
to differences in the chemical constitution of the starch granules, since they can¬ 
not be attributed to differences in the enzyme systems. 

The rate of hydrolysis of all the starches is very much quicker than that of 
glycogen. 


Factors which could influence the, rate of breakdown. 

(1) Molecular dimensions of the polysaccharide. The smaller the molecular 
size, the quicker one would expect the breakdown to be. But the size of the 
glycogen molecule is (according to Haworth) approximately half that of the 
starch molecule. 

(2) Proportion of arnylopectin to amylose. According to most modem workers 
the starch granule is homogeneous. But supposing that two constituents are 
present, the advocates of this theory agree with the original view of Maquenne & 
Roux [1906] that the viscosity of a starch solution is produced by the amylo- 
poctin. According to this view, potato starch, which gives the most viscous 
solution, should show the lowest rate of hydrolysis, since arnylopectin is con¬ 
sidered to be hydrolysed more slowly than amylose. This, however, is not the 
case, potato starch showing, if anything, a higher rate of hydrolysis in the 
initial stages than the other starches. The lower rate of hydrolysis of glycogen, 
however, could be accounted for if, as claimed by Pringsheim, glycogen consists 
of arnylopectin. 

(3) Inorganic content of polysaccharide. According to Samec & Haerdtl 
[1920] a low rate of hydrolysis can be correlated with a high P content. Potato 
and wheat starches have much higher P contents than the other starches, but 
their rates of hydrolysis are no lower. The lower rate of hydrolysis of glycogen, 
however, could be explained according to this theory by its high P content. 

(4) Method of breakdown. As has already been mentioned Ohlsson considers 
that a-amylases break down starch into smaller and smaller molecules until 
maltose is finally produced whereas jS-amyiases detach maltose successively. In 
the salivary and pancreatic digestions of glycogen an<J the various starches 
employed in this investigation, an early appearance of maltose was invariably 
observed. When malt, which contains /3-amylase in addition to a-amylase, was 
used as the hydrolysing agent, no increased formation of maltose was observed. 
These results therefore do not substantiate the findings of Ohlsson. Moreover, 
Ohlsson’s work was based on the relative permanence of the starch-iodine reaction, 
and since it is not known with certainty that this colour is a function of the 
molecular dimensions, his conclusions seem rather unreliable. 

In order to ascertain which of the above-mentioned methods of breakdown 
was involved or which method was predominant, the following ratio was calcu¬ 
lated for each digestion mixture throughout each hydrolysis: 


Polysaccharide destroyed in mg./100 ml. 
Maltose formed in mg./lOO ml. 
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If this ratio remains constant throughout a hydrolysis it would indicate that 
maltose was liberated successively. If, on the other hand, the ratio decreases as 
digestion proceeds it would mean that maltose is formed only, or principally, in 
the final breakdown of the simple dextrins. These ratios, calculated from 
determinations made at 15 min. from the beginning of each experiment and at 
the subsequent intervals already mentioned, are tabulated below. The values 
cited represent values for this ratio obtained at the beginning, middle and end, 
respectively, of each experiment: 


Substrate 

Pancreatic amylase 

A _ 

Malt diastase 

Salivary amylase 

_La_* 


r 



/ 



r 


Glycogen 

216 

2-46 

3*15 

1*24 

1-40 

1*50 

2*52 

1*98 1*39 

Potato 

400 

3-52 

2*78 

— 

~ 

— 

— 

— 

Wheat 

1*87 

1-83 

1*86 

1*27 

M3 

1*09 

1*39 

— 1*04 

Rice 

2*60 

2-56 

1*89 

— 

— 

— 

— 

— 

Maize 

4-38 

2-89 

2*70 

— 

— 

— 

-- 

— 


The great variability of this ratio probably indicates that both methods of break¬ 
down are occurring simultaneously. It is difficult to accept the deduction that 
the hydrolysis of wheat starch by pancreatic amylase is the one instance amongst 
all those cited in which the former method of breakdown alone occurs. An in¬ 
crease in this ratio as hydrolysis proceeds, observed with glycogen in two out of 
the three cases, seems very difficult to explain, especially as there was no 
glycogen resvnthesis. 

In the case of glycogen, the formation of maltose from dextrin appears to be 
very slow, which indicates that the hydrolysis is retarded at this stage, suggesting 
a reduced saccharification process. But since the same enzymes were used in the 
starch and glycogen digestions, this cannot be accounted for by the enzyme. 
Perhaps, as suggested by Pringsheim, a co-enzyme is necessary for the complete 
hydrolysis of glycogen. 

(5) Nature of linkages in polysaccharide. As discussed in the previous 
section, the slow rate of breakdown of glycogen cannot be explained by assuming 
a preponderance of /{-linkages in the glycogen molecule. 

According to Van Klinkenberg the iodine reaction is characteristic of a-starch 
and only disappears by the action of a-amylases. The very rapid attainment of 
the achromic point observed with glycogen appears at first sight to substantiate 
Van Klinkenberg’s view that glycogen is a-starch. But this does not explain the 
slow breakdown of glycogen in comparison with the starches. If glycogen con¬ 
sisted entirely of a-starch, a very quick breakdown by a-amylases would be 
expected. 

It is thus seen that the theories of starch and glycogen structure so far enunci¬ 
ated do not explain satisfactorily the results of the amylolytic hydrolysis of these 
polysaccharides. There must be some difference in structure between the starch 
and glycogen molecules to account for the much lower rate of hydrolysis of the 
smaller glycogen molecule. There are also probably slight differences in structure 
between the different starches. It is also difficult to accept the identity of the 
starch and glycogen molecules as advocated by Haworth. 

Summary. 

I. The course of digestion of potato, wheat, maize and rice starches and of 
glycogen by pancreatic amylase and in addition of wheat starch and,glycogen by 
salivary amylase and malt diastase have been followed quantitatively. 
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2. The estimations included determinations of the achromic point, the 
residual polysaccharide, the total reducing power and the reducing power after 
the precipitation of the dextrins. Polarimetric observations were also made in a 
few cases. 

3. The relative rates of formation of the various hydrolysis products were 
different with the different starches. The rate of hydrolysis of glycogen was in 
every case very much lower than that of the starches. 

4. The same end-product was formed from all the starches and from 
glycogen. 

5. The properties of the reducing sugar formed as end-product did not 
correspond with those of maltose, or, in all respects, with those of isomaltose. 

6. Glucose was not formed in any of the above digestions, or in the case of 
pancreatic amylase over the range pH 5-0-7*5. When, however, a very large 
amount of enzyme was employed, some glucose was produced. 

7. The bearing of these results on the chemical constitution of the starch and 
glycogen molecules and on the method of breakdown is discussed. 

I wish to thank Miss M. M. Murray for suggesting this work to me and for her 
helpful advice throughout the investigation. 
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CXCVIII. BIOCHEMICAL STUDIES IN THE 
NITROGEN METABOLISM OF 
THE APPLE FRUIT. 

III. PRELIMINARY EXPERIMENTS ON THE EFFECT 
OF INJECTING NITROGENOUS COMPOUNDS INTO 
APPLE TREES ON THE COMPOSITION OF THE 
FRUIT. (WITH AN APPENDIX DESCRIBING 
A NEW VACUUM EXTRACTOR.) 

By ALFRED CRESSWELL HULME and 
WILLIAM ARTHUR ROACH. 

From the Ditton Laboratory , and the East Mailing Research 
Station , East Mailing , Kent. 

(Received 15 June 1936.) 

The nitrogen content of the mature 1 apple varies markedly both in total amount 
and in the maimer in which it is distributed amongst the compounds in which it 
occurs [Hulrne, 1932; 1934; and unpublished data]. The possible connexion 
between these initial differences of composition and the behaviour of the 
fractions of the nitrogen and of the fruit in general, when detached from the 
tree and kept under various conditions of environment, is being studied. The 
purpose of the present investigation was to determine whether the injection of 
nitrogenous compounds into the tree is followed by a modification of the 
nitrogenous composition of the fruit. In this event injection would be a valuable 
method for modifying at will the nitrogenous composition of the fruit as a 
preliminary to the above study. Methods have been developed for injecting 
whole trees so that each branch received its proper share; further, separate 
branches, twigs, leaves or portions of leaves may each lie injected with a different 
solution without risk of the injected substance reaching any part of the tree 
other than the one for which it is intended. 

Preliminary papers have already appeared [Roach, 1933; 1934,1, 2, 3; 1935; 
Hearman et al . 1935] and the details of the methods are at present being pre¬ 
pared for publication. Such methods would make it possible to treat fruit 
at any stage in its development without affecting the relations between the tree 
and the soil and without undue interference with the physiology of the tree. 

Experimental. 

(1) Material and details of tree-injection . 

Six bush trees of variety King Edward VII budded on Mailing Type IX 
rootstock and four trees of variety Bascombe Mystery budded on Mailing Type V 
rootstock were used for the experiment. The trees were planted as maidens in 

1 “Maturity” is here used in the somewhat loose sense of the stage at which the fruii is normally 
gathered for commercial purposes. It is not yet clear to what definite stage (if any) in the physi¬ 
ology of the fruit this approximates. 


( 1397 ) 
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December 1921. The King Edward VII trees varied in branch spread from 2*1 
to 2*8 m. and the Bascombe Mystery ones from 3*2 to 3*7 m. These trees varied 
in size and in other respects but they were amongst the few trees which escaped 
the disastrous frost of the night of 16-17 May 1935, and were used in the absence 
of any better material ; they proved sufficiently uniform for the present purpose. 

Injection . The injection of each tree was carried out as follows: A hole of 
J in. diameter was bored through the main stem just below the crotch and so 
placed that each end came below the junction between two branches and so that 
the parts of the top on either side of the hole were as nearly equal as possible. 
One end of this hole was connected with rubber tubing to the reservoir containing 
the liquid which was supported a few inches above the level of the hole, and into 
the other end of the hole a short length of rubber tubing was inserted (see 
Fig. 1). Both pieces of tubing were inserted only to the depth of the bark. The 



joints between the tubing and the bark were made watertight by painting with 
a molten solution of rubber and paraffin-wax. The siphon was started by sucking 
the short rubber tube, which was plugged when the liquid came through. The 
liquid was absorbed in from 1 to 3 days. Two Bascombe Mystery trees were 
injected a second time through holes at right angles to the first ones (see Table II). 

Substances injected . The substances injected will be seen from Tables I and II. 
Each solution contained a standard amount of nitrogen per unit volume. 

Dosage . A system for deciding the correct dosage for trees according to their 
size has not yet been worked out; the volumes of solution given were decided on 
by inspecting the trees and comparing them with others injected in the past, 
the aim being to give each tree an amount of nitrogen proportional to its size. 

Leaf damage . Traces of damage appeared on the leaves of most of the trees 
the day after the injection was finished but this was of no importance; the 
foliage of the Bascombe Mystery tree injected with ammonium nitrate was, 
however, heavily damaged. This damage has been described elsewhere [Hearman 
et ah 1935]. Some leaves fell but later fresh leaves expanded and the tree again 
had a normal amount of foliage? Reference has already been made to the high 
toxicity of nitrate-nitrogen as compared with urea-nitrogen [Thomas * Roach, 
1934]. 

(2) Sampling of the material and its preparation for analysis. 

At the time of gathering the fruits were greatly reduced in number owing to 
falls, chiefly as a result of codling moth attack. All the fruits were gathered ftom 
each tree, any seriously blemished fruit being discarded. It was not necessary to 
discard any complete apples in the case of the King Edward VH variety, but 
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one or two fruits per tree had to be eliminated in the case of the Bascombe 
Mystery trees. Where only a small amount of the apple was damaged the 
damaged portion was cut out immediately before freezing and allowance made in 
calculating the weight of pulp and peel. 

For the King Edward VJI trees, details of the fruit as gathered are given in 
Table I which also includes details of the solutions injected into the tree. 


Sample 

“(K.E.)” 


V (D 

V ( 2 ) 
N 

A 


r (i) 
V (2) 


Table I. 




No. 


Injection 

of 

Tree 

15. vii. 35 

fruits 

6 M 2 

12 

None),, . , 

Xon4 ,ontr " U 

32 

32 

2 

101 . 0*33% NH 4 NO 3 

30 

4 

7 1. 0*55% asparagine 

30 

10 

10 l. 0*25% urea 

30 


10 101.0*25% urea 2 

8 101. 0*25% urea 10 



Total 

Total 


Av. wt. 

W’t. of 

wt. of 


of apple 

pulp* 

peel 

Ratio 

g* 

g* 

g* 

pulp/peel 

124*4 

3368 

420 

8*02 

130*0 

3508 

457 

7*68 

124*3 

3163 

409 

7*73 

126*6 

3247 

410 

7*92 

134-0 

3400 

430 

7*91 

155*7 

1599 

20| 

7*91 


* < 'omcted for seeds and bad areas removed. The amount of the latter was between 5 and 8 % 
of the whole of each sample. It was fairly uniformly distributed between the fruits of all the 
trees. The amount of peel tissue eoneerued was negligible. 


In the case of the Bascombc Mystery trees (see Table II) the number of 
fruits per tree was larger although considerably less than at the time of injection. 
The larger number of fruits enabled more than one sample to lx* made up from 
each tree (except tree 3, urea treatment) and an additional sample was placed in 
the dark for 54 days at 9*5', so that the change in the nitrogenous fractions after 
detachment from the tree could be studied. The concentrations of the various 
solutions injected were the same as for the King Edward trees (Table I). 





Tabic- II. 



Total 

Total 




Injection 

No. 

Av. wt. 

wt. 

wt. 

Ratio 



-* 

- 

of 

of apple 

pulp 

peel 

Pulp' 

Sample 

Tree 

15. vii. 35 

1. x. 35 

fruits 

2 * 


K* 

Peel 

<'U ( 1 ) 

1 



26 

62*6 

1335 

207 

6-45 

CO ( 2 ) 

1 

• None (control) 


30 

69*0 

1730 

268 

6-46 

<’l* 

1 j 


30 

69*1 

1607 

270 

595 

NO 

2 1 

15 1 . NH,X0, 


30 

52*9 

1298 

223 

5*82 

NI* 

2 


30 

52*6 

1205 

226 

5-58 

VO 

3 

15 1. urea 

10 1 . urea 

34 

73-6 

2064 

330 

6-26 

AO 

4 1 

t 13 1. asparagine 

111 . asparagine 

29 

01*8 

1470 

236 

6*23 

AI* 

4 

28 

62*7 

1340 

234 

5-73 


* Samples placed at 9-5° for 54 days. During this period there w r as, of course, some loss of 
weight as moisture and CO # . This loss of weight was measured and allowed for in the calculation 
of results. 


From the values of the ratios of pulp/peel given in Table II it would appear, 
as might be expected, that the pulp tissue undergoes a greater loss in weight 
during storage than does the peel. 

The material was frozen to —20°, peeled and prepared for analysis by the 
method previously described [Hulrae, 1936]. 
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(3) Methods of analysis. 

The various fractions of the nitrogen and the titratable acidity were estimated 
by the methods already described [Hulme, 1936], with the exception that in the 
extraction of the soluble nitrogen an improved form of continuous vacuum 
extractor was used. This extractor, when used in conjunction with Naumann 
evaporators [Naumann, 1935] to remove the excess alcohol from the extracts, 
greatly reduced the time required to obtain the final extracts. A brief description 
of this new extractor is given in an appendix (p. 1402). 

Urea was estimated in several samples—chiefly those from trees injected 
with urea—by a micro-method based on the urease method of Yee & Davis 
[1935]. 

It is, perhaps, improbable that urea injected into the tree would reach the 
fruits as such, unless it was in excess of that with which the leaves could deal. 
Nevertheless, it is important to make certain of this point, since, apart from the 
direct interest of the presence of urea in the fruits, appreciable amounts of urea 
in the extracts would seriously interfere with the estimations of amide and amino- 
nitrogen [Chibnall & Westall, 1932]. In no case were amounts of urea found 
greater than 0-3 % of the total nitrogen, and the fruit from trees injected with 
urea gave values similar to those injected with asparagine. 

Glutamine determinations were made on the extract from sample K.E. C (1) 
by the method of Vickery et al. [1935] but this amide was found to be absent. 

Results. 

The results obtained for the apples as gathered from the trees are given, for 
both varieties, in Table III, a, b, and for the stored fruits of the Bascombe 
Mystery variety in Table III c. 

It is obvious from Table III that the injections have had a considerable effect 
on the total nitrogen content of the fruits. In all cases the total nitrogen of the 
fruits from injected trees is greater than in those from the uninjected ones. On 
the whole the figures for the pulp and the peel show the same general trend. The 
most striking fact is that, whilst the total nitrogen has increased considerably, 
the increase is mainly accounted for by an increase in the non-protein fraction. 
Whilst in the case of the King Edward variety the absolute amount of protein 
(even allowing for the difference in size of the fruits) is slightly higher in all the 
injected trees, the relative amount of protein (i.e. protein as % of the total 
nitrogen) is considerably decreased. The results for sample U (2) are probably 
“abnormal” since the sample was mainly composed of fruits from tree 8 which 
bore, at the time of gathering, only 10 fruits and these were much laiger in size 
than those from any of the other trees of this variety. 

The increase in soluble nitrogen is chiefly in the form of asparagine; the 
fraction of the soluble nitrogen in the form of amino-acids shows relatively little 
variation throughout the series. The same is even more strikingly true for the 
Bascombe Mystery series. This*is in agreement with the view of Prianischnikow 
and many modem authors that asparagine may function as a means of storing 
excess nitrogen in a form innocuous to the plant. 

In both series injection of urea appears to result in a small increase in the 
proportion of amino-acids and a lowering of the relative amount of protein. 
The two effects are not, however, equal quantitatively. The Bascombe Mystery 
fruits injected with ammonium nitrate are, as stated above, probably abnormal, 
and the very low proportion of protein which they contain is possibly due to the 
temporary damage to the tree following injection. ' 
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We may next turn to a brief consideration of the observed changes in the 
nitrogen fractions of the Bascombe Mystery fruits during their short period of 
storage (Table III c). It has been found [Hulme, unpublished data] that in 
young fruits (Bramley’s Seedling variety), when detached from the tree, the 
soluble nitrogen rises but when “mature” fruits are stored a net protein syn¬ 
thesis takes place. It will be seen that in the fruits from uninjected trees 
(B.M. C (1)) the % of the total nitrogen in the form of protein has increased, i.e. 
a considerable net synthesis of protein has occurred in storage. On the other hand 
in the fruits from trees injected with ammonium nitrate the % protein-nitrogen 
has remained stationary, and there has been a slight decrease in this fraction in 
the fruit from the trees injected with asparagine. It remains for further work to 
decide whether this difference between the injected and control fruits is a direct 
one or whether the effect of the injection has been to retard the ripening of the 
fruits and so cause them to exhibit the characteristic behaviour of fruits not 
yet “mature”. In this connexion it is important to learn the effect of the 
injection on the carbohydrate metabolism of the fruits. This is especially 
important in view of the recent work of Paech [1935] which suggests that in 
presence of excess soluble nitrogen compounds (ammonia and amides) protein 
synthesis may be limited by the amount of carbohydrate residues available. 


Summary. 

1. Two varieties of apple trees were injected in the summer of 1935 with 
solutions of ammonium nitrate, urea and asparagine. 

2. The fruit, gathered in the autumn, from the injected trees contained 
greater amounts of total nitrogen than from the uninjected trees; the distri¬ 
bution within the total nitrogen was also different. 

3. When detached from the tree and placed at 9*5°, fruit from trees injected 
with ammonium nitrate and with asparagine did not synthesize protein, whereas 
that from untreated trees synthesized considerable amounts of protein. 

4. Further experiments are necessary to determine whether this difference in 
behaviour is a direct result of the injection or whether it is due to delayed ripen¬ 
ing of the fruits from the injected trees. 


APPENDIX 

A,rapid continuous vacuum extractor . 

The apparatus is shown in Fig . 2 which is drawn to scale. It is based on the 
Soxhlet principle operating under reduced pressure and in size is designed to 
handle up to 500 g. of frozen apple powder. 

The flask, A, in which the solvent (600ml. 85% alcohol) is placed is con¬ 
nected to the extraction vessel, B, by means of a rubber sleeve. The side-tube, 
8, of the vessel B is wide (3 cm. diam.) and the bends in it are as “smooth ” as 
possible to increase evaporation from the liquid in A by reducing frictional 
resistance to and turbulence in the vapour. The condenser, C, is a seven tube 
brass condenser 1 (seven £ in. x 24 G. tubes 10 in. long in a jacket 2£ in. x 24 G.) 
at the top of which suction is applied by means of a water-jef pump. 
It is advisable to insert a calcium chloride trap between the pump and 

1 This condenser was designed and made by Mr F. G. Foreyth of Ditton Laboratory. 
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the condenser. For safety the author also inserts between the calcium 
chloride tower and the condenser a mushroom non-return valve actuated by 
gravity. The condenser is cooled by water which has passed through a large 
rectangular (30 ft. in. bore) copper coil immersed in an insulated ice-box. 



The thermometer, T, enables the rate of flow of the water through the condenser 
to be regulated to give maximum condensation. The bottom tube, F, of the 
condenser must be wide (3 cm.) to prevent bubbles forming where the rising 
vapour meets the falling condensate. Bubbler tube, D, is a Naumann stainless 
steel tube with a stiletto wire down the centre to allow of regulation of the rate of 
bubbling. 
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Water-bath, E, is thermostatically controlled to 46-50°. Table IV illustrates 
the “characteristics” of the extractor with 4Q0 g. of apple pulp tissue in a 
thimble in vessel £. The figures are for one of two extractors running side by 
side in the same water-bath with the same suction line and condenser water 
supply. 

Table IV. 


Temperature of 
laboratory 

Temperature 

Temperature 
of alcohol 

Temperature of 
thermometer 

Time for B 

of bath, E 

extract B 

T 

to 611 and 

°C. 

°C. 

°C. 

°C. 

siphon (min.) 

16-9 

45 

20 

10-3 

6*5 

18*4 

49 

20 

9*5 

4*5 

18-6 

47 

21 

10*0 

5*0 

190 

47 

21 

10*0 

5*5 

19-2 

48 

22 

9*4 

5*0 

19-5 

45 

22 

9*8 

6*0 

200 

50 

22 

10*0 

4*5 

21 0 

48 

22 

9*7 

4*8 


The temperature of the liquid in the flask A never rises above 20° owing to 
the rapid evaporation from its surface. The concentration of the alcohol falling 
from the condenser into B is about 87 %. 
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CXCIX. THE DECOMPOSITION OF ADENINE 
COMPOUNDS BY BACTERIA. 


By CECILIA LUTWAK-MANN. 

From the Biochemical Laboratory , Cambridge. 

(Received 10 June 1936.) 

There seems to be at present good evidence that adenine compounds play an 
important role in muscle glycolysis and alcoholic fermentation. It would be of 
much biochemical interest to show whether they are also connected with the 
mechanism of bacterial fermentation. In order to approach this problem it was 
necessary first to study the ability of bacterial fermenters to attack adenine 
derivatives and to determine the content of adenosinetriphosphoric acid in their 
cells. 

The following experiments were done to determine the exact conditions in 
which adenine and its derivatives undergo chemical changes by bacterial 
enzymes. 

Experimental. 

Organisms and culture. The experiments were first carried out with Bad. 
coli ; they were subsequently repeated with other organisms (see p. 1409). 

Unless otherwise stated the organisms were grown on tryptic broth agar in 
Roux bottles. After 20 hours’ incubation the growth was washed off with dis¬ 
tilled water and centrifuged and washed two or three times; the wet weight was 
then determined and the whole made up to a known volume in uniform suspen¬ 
sion. The preparation was generally used the same day but could be kept 2 or 
3 days at 0° without deteriorating. Sterilization of the culture by shaking with 
toluene and allowing to stand for 15 min. lias no effect on the activity of the 
enzymes studied. 

Reactions studied. The action of the bacterial suspensions in decomposing by 
deamination and/or dephosphorylation of the following substances was quantita¬ 
tively investigated: adenosinetriphosphoric acid (adenylpyrophosphoric acid), 
muscle adenylic acid (adenine-9-furanoriboside-5-phosphoric acid), yeast adenylic 
acid (adenine-9-furanoriboside-3-phosphoric acid), adenosine and adenine; 
inosine and inosinic acid were also studied. Purified specimens of the compounds 
were used. 

Technique. For each experiment the procedure was as follows: samples con¬ 
taining 1 ml. substrate, containing 0*085-0*120 mg. adenine-amino-nitrogen 
(NH 2 -N) and 1 ml. bacterial suspension, corresponding to 30-160 mg. wet 
weight and 1 ml. water, which in some cases was replaced by salt solutions 
(phosphate, arsenate, fluoride, iodoacetate) were incubated at pH 7*0 in air and 
at 37°. It was however shown that all the reactions described below proceed as 
well anaerobically in nitrogen previously passed over heated copper. After a 
given time of incubation the samples were withdrawn from the incubator with 
corresponding blanks where the substrate was replaced by water, and 1 ml. of 
20% trichloroacetic add was added. 

The deamination was determined on the whole sample by the estimation of 
ammonia. It was carried out in the Pamas-Heller apparatus by distillation in 
vacuo with saturated bQvpx solution and subsequent nesslerization [Parnas Sc 

( 1405 ) 
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Heller, 1924]. The dephosphorylation was determined by phosphorus estimations 
in the trichloroacetic filtrate using the method of Fiske & Subbarow [1925] as 
modified by Lohmazm & Jendrassik [1926]. 

Adenosindriphosphoric acid (ATP). From Table 1,1 and 2, it is seen that in 
the course of 4 hours this substanoe is deaminated and dephosphorylated com¬ 
pletely. It was found that small concentrations of magnesium (0*2 mg. Mg to 
5 mg. ATP-barium salt) markedly increase the rate of breakdown of ATP; the 
appropriate quantity of MgCl a was accordingly used with this substance. In 
experiments (Table I, 3 and 4) where both deamination and dephosphorylation 
were estimated simultaneously in parallel samples, dephosphorylation appeared 
to precede deamination. This seems to be also the case with skeletal muscle en¬ 
zymes [Mozolowski et al, 1932; Embden, 1933; Jacobsen, 1933] and excludes 
the possibility of the formation of inosinetriphosphoric acid. There is, however, 
an important difference in the behaviour of the enzymes of muscle and of Bact. 
coli towards ATP; in the former this substanoe is dephosphorylated by the 
elimination of the pyrophosphoric group only, forming adenylic add, which is 
then deaminated to inosinic acid; in the latter case the bacterial enzymes attack 
not only the pyrophosphoric group but also the phosphorus atom of adenylic 
acid itself so that probably deamination does not occur till the stage when 
adenosine has been formed. 

The decomposition is optimum at pH 7*2 and is inhibited at pH 5*5 and 8*8. 
Addition of phosphate slows down the breakdown of ATP, an effect which 
requires no special explanation as phosphate represents, in this case, a reaction 
product. 

Table I. 


Deamination 


Dephosphoiylation of ATP 


of ATP Phosphate 

-*-n after Of three 



ATP containing 

t - K -*\ 

Time of 

Am* 

Of r 
amitio-N 

Inorganic 

phos¬ 

7 min. Pyrophos- 
hydrolysis phate-P 

Of two 
atoms 

ii 

No. 

Amino-N 

Pyro-P 

(2P) 

Total-P 

<3P) 

incubation 
pH 7-0 

monia 

. NH r K 

appears 
as am- 

phate 

«) 

inNHCl (expressed Pyro-P 
(P-) as r 7 -JP 0 ) still un- 

appear 
as in- 

exp. 

mg. N 

mg. P 

mg. P 

37° 

mg. 

monia-N 

mg. P 

mg. P 

mg. P 

changed organic P 

1 

0-08 

0-357 

0*535 

4 hr. 

0-074 

0*87 

0-530 

0-535 

0-005 

0 

3 

2 

0-00 

0*264 

0*398 

4 hr. 

0*002 

1 

0-398 

0-398 

0-0 

0 

3 

3 

0056 

0*243 

0*365 

30 min. 

0-003 

0*05 

0-004 

0*233 

0-229 

1-87 

0-03 


0055 

0*243 

0-365 

1 hr. 

0-018 

0-33 

0-170 

0-278 

0-108 

0-88 

1-39 


0-055 

0*243 

0-365 

1 hr. 30 min. 

0-024 

0-43 

0-214 

0-300 

0-080 

0-70 

1-75 


0055 

0*243 

0-365 

4 hr. 

0-052 

0-95 

0-305 

0-305 

00 

0-0 

3 

4 

0-060 

0*264 

0-398 

30 min. 

0*003 

0-05 

0-085 

0-209 

0-184 

1-39 

0-63 


0-060 

0-264 

0-398 

1 hr. 

0-010 

0-16 

0-114 

0-290 

0-182 

1-39 

0-80 


0-060 

0-264 

0-398 

1 hr. 30 min. 

0-025 

0-42 

0-169 

0-307 

0-138 

104 

1*28 


0060 

0*264 

0-398 

4 hr. 

0-001 

1 

0-398 

0-398 

0-0 

0 

3 


A remarkable effect of medium on enzyme production is noticeable in this 
connexion. When Bad. coli was grown on tryptic broth with 0*5% glucose in a 
flask instead of on the surface of broth agar, the bacterial suspension when used 
in the same concentration as in previous experiments or even in twice that 
amount, repeatedly failed to attaok ATP, whereas with other adenine compounds 
(with the exception of yeast adenylic acid to some extent, see below, p. 1407) no 
such effects were noticed. This suppression of enzyme formation was shown to be 
due to the presence of glucose, since it did not occur in cultures grown (1) in 
broth alone in strictly anaerobic conditions, or (2) in broth with 0-5% formate. 
The suppression of the enzyme is, however, not complete as when 4-5 times the 
amount of bacteria was used (160 mg. instead of 30 mg. wet weight), positive 
results were obtained (Table II, I and 2). The partial suppression of theedzyme 
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system may possibly be due to the acidity occurring during growth in glucose 
broth. This, however, does not account for the non-proportionality of the 
enzyme activity and bacterial concentration. This point needs further study. 

Table II. 

Time of Deamination of ATP (con- 
incubation taming 0*085 mg. NH a -X) 



Bad. colt 


pH 7 0 

r 

'--- N 

No. 

wet wt. 


37 3 

Ammonia 

%of 

exp. 

mg. 

Grown on 

hours 

mg. N 

deamination 

1 

40 

Glucose broth 

1 

0*0 

0 




2 

00 

0 




4 

0*0 

0 



Broth agar 

1 

0*013 

15 



2 

0*027 

32 




4 

0*072 

85 

2 

50 

Glucose broth 

4 

0*0 

0 


80 



00 

0 


100 



0*062 

70 


Musch adenylic acid. This substance undergoes both deamination and 
dephosphorylation very rapidly, 2*5 mg. being decomposed by 10-20 mg. of 
bacteria (wet weight) in 40-60 min. No influence of small amounts of magnesium 
upon this reaction was found. Dephosphorylation evidently precedes deamina¬ 
tion, as can be seen from Table III, 4 and 5. Bearing in mind that inosinic acid 
is readily dephosphorylated by Bact. coli (Table III, 3) and that, of all adenine 


Table III. 



Muscle adenylic acid 
containing 

Veast adenylic acid 
containing 

Inosinic 
acid con¬ 

Time of 

Dephosphor 

expressed 

Ration 
i as 

Deamination 
expressed as 

No. 

P 

NH.-N 

P 

^ NH.-N 

taining 

P 

incubation 
pH 7*0 

37 3 

P 

—' 

NH 8 -N 


exp. 

mg. 

mg. 

mg. 

mg. 

mg. 

mg. 

% 

mg. 

°o 

1 

0-21 

0-095 

— 

— 

— 

2 hr. 30 min. 

0*21 

100 

0-096 

100 

2 

- 

- 

0*21 

0*095 

— 

2 hr. 30 inin. 

0*20 

95 

0-082 

85 

3 

- 

— 


— 

0*18 

2 hr. 30 min. 

0*18 

100 

— 

— 

4 

0-197 

0-089 



— 

15 min. 

0144 

73 

0-025 

26 


0-197 

0*089 

— 

— 

— 

40 min. 

0*168 

85 

0-060 

67 


0-197 

0-089 



— 

1 hr. 20 min. 

0*170 

80 

0080 

89 


0-197 

0*089 

— 

— 

— 

2 hr. 

0*180 

91 

0*085 

94 

5 

0-21 

0*096 


— 

_ 

15 min. 

0*104 

78 

0*040 

41 


0-21 

0*096 

— 

— 

— 

40 min. 

0*188 

89 

0070 

73 


0*21 

0*096 

— 

— 

— 

1 hr. 20 min. 

0*192 

91 

0*084 

87 


0-21 

0*096 

— 

— 


2 hr. 

0208 

99 

0*090 

94 


compounds, adenosine is the most readily decomposed, not only by Bact. coli but 
also by other bacteria, one may suggest that deamination is conditioned by a 
preliminary dephosphorylation and occurs at the adenosine stage. 

In the case of adeilylio acid as well as in that of ATP, the addition of in¬ 
organic phosphate decreases the rate of breakdown. This time, however, a most 
marked effect can be produoed by phosphoglyceric acid (3-phosphoglyceric acid) 
(Fig. 3) but not by hexosediphosphoric add. Whether this is due to the Parnas- 
Ostem-Mann reaction [1934, 1, 2], i.e. a synthesis of ATP and a formation of 
pyruvic acid, will be investigated later. Pyruvic add could of course not be 
detected owing to its rapid fermentation by Bact. coli . 

Yeast adenylic add . This is decomposed by bacterial enzymes both by 
dephosphorylation and deamination (Table III, 2). In experiments with deamina¬ 
tion of both muscle and yeast adenylio acids, it has been repeatedly found that 
them is a difference in the rates of deamination of these two substances (Fig. 1). 
This effect is still more marked if the bacteria are grown on glucose broth (Fig. 2); 
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thus the presence of glucose in the growth medium affects this enzyme system in 
a manner similar to that described in the case of ATP, but to a much less marked 
extent. 

It is well known that frog skeletal muscle enzymes are totally inactive to¬ 
wards yeast adenylic acid [Schmidt, 1928], whereas frog heart muscle enzymes 
act on it, a fact which suggested the existence of specific enzymes for the two 
substances [Ostem A Mann, 1933]. These experiments furnish further evidence 
for that possibility, a point to which wc return later. 

In this, as in all phosphorylated compounds tested, neither M /60 NaF nor 
if/150 iodoacetate had any effect. 




Fig. 1. Deamination of muscle adenylic acid and yeast adenylic acid by Baft. coli. grown on broth 
agar. (Average data from 9 experiments.) Abscissae: hours. Ordinates: % of deamination. 

Fig. 2. Deamination of muscle adenylic acid and yeast adenylic acid by Bact. cdi grown on glucose 
broth. (Average data from 7 experiments.) Abscissae: hours. Ordinates: % of deamination. 

Adenosine. As well by Bad. coli as by any kind of bacteria studied in this 
work, adenosine is more rapidly decomposed than other adenine derivatives and 
than adenine itself. The optimum rate occurs at pH 8*8, whereas for all the other 
adenine derivatives it lies at pH 7*5. Small amounts of magnesium are without 
effect, but it is interesting to note that phosphate favours the deamination 
(Fig. 3). Phosphate can be replaced by arsenate. 

Adenine, In this case the deamination depends largely on the presence of 
phosphate as in its absence the reaction-even on prolonged incubation—never 
exceeds 20% of the total amino-nitrogen. 

End-products, Hypoxanthine has been found and isolated as picrate of the 
silver salt (C 5 HgN 4 AgO, C e H 2 (N0 2 ) 3 0H) in the kieselguhr filtrate obtained from 
incubated samples of the following substances with the usual amount of 
bacterial suspension: adenosine, adenine, inosine, inosinic add. The picrate was 
obtained from samples corresponding to about 5 mg. of hypoxanthine according 
to the procedure of Bruhns [1890] and identified by silver estimation (23 % Ag, 
theor. 22*88%), It was also possible owing to the kind help of Dr M. Dixon to 
show the presence of hypoxanthine in a biological way using a highly specific 
preparation of xanthine oxidase [Green A Dixon, 1934; Dixon A Lembeig > l934], 
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At the stage at which hypoxanthine is formed, no ribose could be traced by the 
orcinol test. 

Comparison of bacteria studied. In order to get information about the distri¬ 
bution of the group of enzymes concerned, the following organisms were studied: 
Bad. dispar , Bad. cloacae, Bad. ladis aerogenes , Str.faecalis , Ps. pyocyanea. The 



Fig. 3. Deamination of adenine compounds by Bad. colt after 1 hour of incubation. 

results are summarized in Table IV, where it can be seen that Bad. dispar , Bad. 
cloacae and Bad. ladis aerogenes show a behaviour very similar to that described 
for Bad. coli. If Bad. ladis aerogenes is grown on glucose broth instead of on agar, 
there occurs the same effect of depressing the enzyme dealing with ATP and yeast- 
adenvlic acid as described for Bad. coli , but in a slighter degree, probably owing 
to the fact that its fermentation products in the culture medium are less acid 
than those of Bad. coli. Str. faecalis even if used in large amounts shows very 

Table IV. 

Time Deamination of adenine compounds 

of ,--- A - 

ineu- Muscle adenylic Yeast adenylic 

bat-ion ATP acid * acid Adenosine Adenine 


No. 

/>H7-0 

37° 

NHj-N 

V>f 

r _A. 

NH 3 -N 

%of 

NHj-N 

%of 


added 

NH g -N 

%of 

exp. Organism 

hr. 

mg. 

added 

mg. 

added 

mg. 

added 

mg. 

mg. 

added 

1 Bad, dispar. 30 mg. wet 

1 

(M) 

0 

0-050 

52 

0-027 

28 

0092 

76 

0-010 

8 

weight; grown on broth 

2 

0*0 

0 

0-080 

83 

0-055 

57 

0-112 

93 

0030 

25 

agar 

4 

0018 

21 

0-096 

100 

0-090 

94 

0120 

100 

0-060 

51 

2 Bad.cUacae. 30 me. wet 
weight; grown on broth 

1 

0-012 

14 

0-079 

82 

0036 

38 

0-104 

86 

0-041 

34 

2 

0-028 

29 

0-090 

93 

0-065 

67 

0*112 

93 

0-1X15 

54 

agar 

4 

0-057 

58 

0*007 

100 

0-085 

86 

0-J2U 

100 

0-095 

79 

3 Bad. ladis aerogenes. 

1 

0-080 

94 

0-000 

94 

0-080 

83 

0105 

87 

0060 

50 

30 mg, wet weight; 

2 

0-063 

98 

0-090 

94 

0-083 

86 

0-110 

92 

o -m 

66 

« rowno “{feX,th 

4 

0-086 

100 

0095 

1(X) 

0092 

95 

0120 

100 

0-100 

83 

2 

0-023 

27 

0-070 

72 

0040 

42 

— 

— 

— 

— 

4 Str. faecalis. 100 mg. wet 
weight; grown on glucose 
broth 

4 

0-010 

11 

0-020 

20 

0020 

20 

0-020 

18 

0020 

18 

5 Ps. pyocyanea. 30 mg. wet 
weight; grown on broth 
agar 

1 

OQ10 

11 

0-010 

10 

0015 

15 

0060 

50 

0-060 

47 

2 

0-015 

18 

0-020 

20 

0-015 

15 

0-115 

96 

0-105 

82 
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low values. Pa. pyocyanea has been found to possess active deaminases but it 
evidently lacks dephosphorylating enzymes. The data in Table IV show clearly 
the difference already mentioned in the rates of deamination of muscle and yeast 
adenylic acids, giving again evidence for specifioity of both enzymes. 

Scheme. The following scheme has been made to compare the results obtained 
with those already known for frog skeletal and heart muscles and also for yeast 
maceration extract. 


Adenosinetriphosphoric acid 
I Bact. 


Muscle (skeletal and heart) 
Yeast maceration extract 


Adenylic acid + 2H S P0 4 



Muscle (skeletal) 


Adenosine + H 3 P0 4 

* 

/ 

yl 


Ribose + Adenine 
Bact. 

* t 

Hypoxanthine + NH 3 


Bact. 

MuscleSJieart) 

Inosine -I- NR 



Inosinic acid + NH„ 


Bact. 


Inosine + H 3 P0 4 


Bact. 

Ribose + Hypoxanthine 


The content of adenosinetriphosphate in Bact. coli. 

Bact. coli were grown on tryptic broth agar for 20 hours in 10 Roux bottles. 
The cultures were washed twice and centrifuged and weighed. The average wet 
weight of the cultures from 10 Roux bottles after 20 hours’ growth was 10 g. 
with the average water content of 80 %. The total crop was then suspended in 
20 ml. of water and treated in one of two ways. (1) It was heated for 20 min. in 
a boiling water-bath and then precipitated with trichloroacetic acid and left 
for 10 hours in ice (Table V, 1, 2, 6). (2) It was ground for 30 min. with very 
sharp quartz sand (Merck) and trichloroacetic acid in a porcelain mortar, then 
thoroughly shaken and allowed to stand for 10 hours in ice after which it was 
again ground (Table V, 3,4,5). In both cases the final concentration of trichloro¬ 
acetic acid was 7%. The trichloroacetic precipitate was removed either by 
filtration or by centrifuging and a clear yellowish solution resulted. From this 
ATP was isolated as barium salt and estimated by deamination following the 
procedure given by Pamas A Lutwak-Mann [1935]. 

A known volume of the trichloroacetic extract was placed in a centrifuge- 
tube; it was made alkaline with 10% NaOH to pH 8*0, treated with barium 
acetate 50 % and kept for 30 min. at 0°. The barium precipitate was centrifuged 
and washed twice with 1 % barium acetate, whilst the supernatant fluid tested 
with barium acetate was poured off and prepared for the estimation of adenylic 
acid as will be described below (B). The barium precipitate containing among 
other substances the total ATP—if present—was completely dissolved in hydro¬ 
chloric acid, the barium removed with Na^SQf, the solution neutralized and made 
up to a known volume (A). The solution B which might oontain adenylic add 
was freed from barium and ammonia, neutralized* and made up to a hpown 
volume. Both solutions A and B were next divided into two parts, one Was used 
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as a blank, the other one treated with preparation of specific deaminase from 
frog skeletal muscle [see Pamas & Lutwak-Mann, 1935], All samples were 
incubated at 37° for 4 hours. Ammonia estimation followed. In some cases a 
frog heart muscle preparation was used but with no difference in result. It was, 
of course, impossible to use a suspension of Bart, colt, as this enzyme preparation, 
unlike muscle, contains a great number of different deaminases. 

A rather low value (Table V) has been found for the ATP content in Bad. coli 
if compared with that in muscle or yeast [Lohmann, 1928,1,2; Lutwak-Mann & 

Table V. 

Content of ATP in Hart, coli 


Wet wt. of bacteria 
Xo. exp. g. 

1 10-00 

2 10-04 

3 loOO 

4 0*40 

5 10-00 

0 11-70 


XH r Xof ATP in 
100 g. of bacteria 


XH 2 X of ATP in (wet wt.) 

the total mg. X mg. X 

0- J 50 1-50 

0-078 0-73 

0183 1-17 

0-098 1-04 

0-102 1-02 

0-134 1-14 


Mann, 1935], about 0-7-1-5 mg./lOO g. (wet weight) amino-nitrogen and 4 mg./ 
100 g. P as pyrophosphoric group, as was estimated by Lohmann’s hydrolysis 
method [1928,1], but a good agreement existed between data from different ex¬ 
periments. For the adenylic acid, however, negative results were obtained, which 
agrees with findings for muscle tissue [Lohmann & Schuster, 1934; Parnas & 
Lutwak-Mann, 1935]. 

Other purim compounds. A• few experiments only were carried out on guanine 
<‘ompounds with the result that guanylic acid w'as found to be dephosphorylated 
and guanosine deaminated in the presence of phosphate by Bad. coli. 


Summary. 

1. Washed suspensions of Bad. coli and other members of the Bacteriaceae 
decompose the following adenine compounds: adenosinetriphosphoric acid, 
muscle adenylic acid, yeast adenylic acid, adenosine, adenine, the first- three 
being both dephosphorylated and deaminated, the latter two being deaminated. 

2. The reactions occur either aerobically or anaerobically and in fresh suspen¬ 
sions as well as in those treated with toluene. 

3. The end-product of decomposition is hypoxanthine. At this stage ribose 
is absent. 

4. Adenosinetriphosphate (but not adenylic acid) is found to be a cell con¬ 
stituent of Bad. coli. 

I am glad to take this opportunity of expressing my deepest gratitude to 
Dr Marjory Stephenson, whose encouragement and advioe were invaluable. My 
thanks are also due to Sir F. G. Hopkins for his kind interest in this work. 
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OF CASEINOGEN. 

II. THE RATE OF PHOSPHORUS CLEAVAGE. 
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and NORMAN CHARLES WRIGHT. 

From the Hannah Dairy Research Institute, Kirkhill, Ayr. 

(Received 13 June 1936.) 

In a previous paper [Howat & Wright, 1934] it was shown that drastic heat 
treatment of neutral solutions of calcium caseinogenate resulted in a gradual 
dephosphorylation of the caseinogen molecule and ultimately in coagulation of 
the protein. There was also a slow liberation of acid-soluble nitrogen. 

In the original experiments the protein solutions were heated in closed tul>es 
at 120°. It appeared desirable to carry through a further series of experiments 
using a lower range of temperatures. It was hoped by this means (a) to determine 
the temperature coefficients of the reactions, and (b) to secure further evidence 
regarding the relationship between phosphorus cleavage and the coagulation of 
the protein. 

Technique. 

.Solutions of calcium caseinogenate were prepared by the technique described 
in the earlier paper, but wen* made up to contain 3*0% in place of 3*5 ° 0 
caseinogen. The amount of Ca(OH) 2 used was 0-065 g. per 100 ml., which gave a 
pH of roughly 6-9. 5 ml. portions of the solution were heated in closed tubes in a 
thermostatically controlled glycerol bath. The temperatures employed ranged 
from 90 to 115°. The periods of heating varied from 1 hour up to 45 hours, the 
time necessary to produce dephosphorvlation and coagulation of the protein 
being found to increase progressively as the temperature of heating was lowered. 

At suitable time intervals duplicate tubes were removed from the heating 
bath. One tube was used for estimating acid-soluble phosphorus and nitrogen 
and the second tube for determining the extent of protein coagulation. The 
latter figure was ascertained by centrifuging the solution for 5 min. at 3000 r.p.m. 
and determining the percentage of uncoagulated protein in the supernatant 
liquid. 

Results. 

The results are shown in Figs. 1-5. It will be seen that at all the temperatures 
employed the curves show a close similarity to those obtained in the previous 
work. There is a slow liberation of acid-soluble nitrogen and a relatively rapid 
liberation of acid-soluble phosphorus. The proportion of phosphorus liberated 
does not exceed 60%. As regards coagulation of the protein, this takes place 
slowly at first, and then more rapidly. A final slowing-up of the reaction gives a 
typical “ S ” shape to the curve. It may be noted that visible coagulation usually 
occurs when 50-60% of the protein has been rendered insoluble, namely on the 
steep gradient of the curve. 


( 1413 ) 
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In order to determine the temperature coefficients of dephosphorylation and 
heat coagulation, a diagram has been constructed (Fig. 6) in which the tempera¬ 
ture of heating is plotted against the time of heating (expressed logarithmically 



Fig. 4. 


Fig. 5. 


Figs. 1 to 5. Effect of various temperatures of heating. (Continuous line, aciil-soluble phos¬ 
phorus; dotted line, acid-soluble nitrogen; broken line, protein coagulated. Time in hours 
shown below each figure.) 



Temperature of heating 

Fig. 6. Time-temperature relationships. (White circles, visible coagulation; 
black circles, 50% protein coagulated; crosses, 45% dephosphorylation.) 

in hours) required to produce (a) 45% dephosphorylation, (6) visible coagulation 
and (c) 50% coagulation of the protein. It will be seen that all the pointe fall 
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roughly on a straight line. This fact provides strong presumptive evidence that 
dephosphorylation and heat coagulation are related reactions, coagulation 
probably being preceded by liberation of phosphorus from the caseinogen mole¬ 
cule. 

It may be noted that the slope of the curve shows that, for each rise in 
temperature of 10°, the reaction velocity increases threefold. This fact has one 
interesting application. For various reasons it is necessary to store milk products, 
such as evaporated milk, for relatively long periods. It appeared possible that 
during such prolonged storage dephosphorylation of the caseinogen might occur, 
with consequent coagulation of the protein. In order to obtain some idea of the 
rate of dephosphorylation and coagulation at storage temperatures the curve in 
Fig. 6 was extrapolated to 20°. It was found that at this temperature dephos¬ 
phorylation would take well over 7 years—a storages jxsriod completely outside 
the range of commercial practice. To confirm this point samples of caseinogen 
were prepared from freshly manufactured evaporated milk and from evaporated 
milk which had. been stored for 6-9 months. The N/P ratios of the caseinogen 
were found to be* as follows: 

Freshly manufactured samples 18-91, 21-31, 21*32, 19*62 Mean 20*29 
Stored samples 19*14, 21*20, 20-90, 20-90, 18*50, 19*90 Mean 20*09 

These figures show that during 0-9 months’ storage at ordinary temperatures 
there was no detectable liberation of phosphorus from the easeinogen molecule. 

Summary. 

1. A study has l>een made of the rates of liberation of nitrogen and phos¬ 
phorus from neutral solutions of calcium caseinogenate at temperatures between 
90 and 115 . Determinations of the rate of coagulation of the protein have been 
made simultaneously. 

2. The results confirm the conclusions reached in previous work, namely 
that the dephosphorvlation and heat coagulation of caseinogen are related 
reactions. 

3. It is shown that for each rise in temperature of 10° the reaction velocity 
of dephosphorylation and coagulation increases three-fold. 

4. No detectable liberation of phosphorus takes place as a result of storing 
evaporated milk at ordinary temperatures for periods of 6-9 months. 


REFERENCE. 
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CCI. THE NON-PROTEIN-NITROGEN 
OF PULSES. 

II. PARTITIONING OF THE NITROGEN AND A DETER¬ 
MINATION OF THE ESSENTIAL AMINO-ACIDS. 

By KAMALA BHAGVAT and MOTNAHALLI SREENIVASAYA. 
From the Department of Biochemistry, Indian Institute of Science, Bangalore. 

{Received 10 May 1936.) 

In a previous communication [1935J attention was drawn to the presence of an 
easily assimilable non-protein nitrogenous fraction occurring in the pulses to the 
extent of 10-55% of the total nitrogen and consisting mostly of the simpler 
polypeptides. The present study relates to an investigation of the amino-acid 
make-up of the fraction from the three well-known pulses, Phaseolus aconitifolius, 
Cicer arietinium and Phaseolus mungo. 


Experimental. 

Preliminary trials with P. aconitifolius showed that 0-5 % acetic acid was the 
best solvent, yielding the maximum amount of the non-protein-nitrogen. It was 
found that a 5 % solution of sodium chloride, whilst extracting the globulins and 
albumins of the seed, does not effectively dissolve out the non-protein-nitrogen; 
further, the sodium chloride which persists in the non-protein fraction after the 
removal of proteins by heat coagulation or acid precipitation cannot be easily 
eliminated. 0-5 % acetic acid, on the other hand, is not only an efficient solvent 
for the extraction of the non-protein-nitrogen but can be easily distilled off. It 
has the further advantage of effecting a coagulation of the globulins during the 
process of extraction itself. 

With a view to determining the percentage of the non-protein-nitrogen (N.P.N.) 
present in the seed meal, the material (10 g.) was repeatedly (3-5 times) extracted 
with 100 ml. portions of dilute acetic acid in the cold at 0° to eliminate the 
possibility of proteoclastic action. Successive extracts obtained by centrifuging 
the mash were kept separately, warmed up to 60° to coagulate any albumins that 
might be present, treated with finely disintegrated Seitz asbestos, filtered and 
the resulting clear filtrate made up to a known volume, an aliquot of which was 
employed for a determination of the total nitrogen (T.N.). The clear filtrates 
were found to yield no precipitate or any opalescence on the addition of trichloro¬ 
acetic acid, showing thereby that all the proteins had been eliminated. In the 
case of two pulses, C. arietinium and P. mungo, filtrations of the later extrac¬ 
tions became increasingly difficult and yielded turbid filtrates, owing to the 
simultaneous extraction of increasing amounts of starch whose presence could be 
detected by the iodine test. 

It will be observed from Tablel that P. aconitifolius has a non-protein-nitrogen 
content which is about thrice that of C. arietinium and about four times that of 
P. mungo. The first extraction removes 54-68 % of the N.P.N. present in the 
seed whilst the yield and purity of the subsequent extraots are low, owing to the 
extraction of increasing concentrations of oarbohydrates whose elimination is 

( 1416 ) 
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T.N. a» 

on the wt. ° 0 of 
of moisture- N.P.N.on 
Pulse free seed the T.N. 


P. aeon itt folia* 

3*86 

34*85 

62*62 

21*88 

8*42 

4*32 

2*75 

(\ arietinium 

3-511 

11-63 

• 68*01 

1055 

8*82 

6*02 

— 

P. mango 

3*74 

8*86 

54*63 

22*09 

22*69 (?) 

— 

— 


extremely difficult and whose presence seriously interferes with the analysis of 
the N.P.N. In our present study, therefore, we have confined our attention to 
the investigation of the first extract, for obtaining a large quantity of which the 
following procedure was adopted. 

The seed meal {1 kg.) was extracted for 24 hours at ()'“ with 10 litres of 0-5 °/ 0 acetic acid. The 
extract after filtration wa« warmed to 60 % treated with asbestos and again filtered, a clear protein- 
free filtrate Wing thus obtained. The filtrate was c* on cent rated at 45-50° under reduced pressure 
t;i about 500 ml., and was then preserved in the ice-chest for subsequent experiments. 

A partitioning of the nitrogen by the method of Van Slyke as modified by 
Damodaran [1931] so as to include the dicarboxylie acid-nitrogen, and an in¬ 
dependent estimation of some of the essential amino-acids have been carried out. 
Arginine was determined by the arginase-urease method of Hunter & Dauphinee 
[1930] whilst the colorimetric methods of Folin & Marenzi [1929] were adopted 
with minor modifications for the estimation of tyrosine, tryptophan and cystine. 
During the estimation of tryptophan, the precipitate of mercury-tryptophan 
complex w T as decomposed by yielding a light-coloured filtrate which was 
satisfactory for the colorimetric estimation. In the cystine estimation the 
precipitation of the mercury compound was carried out at pH 4*6, at which 
the cystine was quantitatively precipitated as revealed by preliminary experi¬ 
ments with known additions of cystine to the experimental hydrolysate. The 
mercury compound was suspended in dilute H 2 S0 4 solution and was decomposed 
by H 2 S. HgS was removed by filtration and the excess of H 2 S from the filtrate 
eliminated by passing in a current of C0 2 . For the estimation of tyrosine, no 
special modification in procedure was found to be necessary. Tyrosine and 
tryptophan were determined on o ml. of the non-protein-nitrogen concentrate, 
which were hydrolysed with 5 ml. of a 20 % alkali for 18 hours on a boiling water- 
bath, whilst for cystine determination, 10 ml. of the material were treated with 
a sufficient amount of sulphuric acid so that the resulting concentration of the 
acid in the mixture was 4 %. The hydrolysis was allowed to proceed for 3 hours 
in a metal-bath maintained at 110°. For Van Slyke analysis, however, the 
hydrolysis was carried out under the same conditions of temperature, time and 
acid concentration except for the fact that hydrochloric in place of the sulphuric 
acid was employed. Preliminary trials showed that under these conditions a 
complete fission of the peptide linkages had occurred with the fonnation of the 
minimum amount of humin. 


Table II, Van Slyke partitioning of the nitrogen as percentages of the total. 


Form of 



Dicarbo- 

Basic 

Basic 

non¬ 

Non- 

basic 

Non- 

basic 

non¬ 


nitrogen 

Melanin 

Amide 

xylic 

amino 

amino 

amino 

amino 

Total 

P.aconitifoUus 

1-24 

5-54 

23-72 

20-56 

24-98 

25-76 

0-51 

102-31 

C. arietinium 

2-34 

611 

13-06 

15-22 

44-29 

19*31 

0-04 

100-39 

jP. mungo 

2-37 

3-41 

16-16 

11-21 

32-46 

19-95 

16-52 

102-10 

91-2 


Table I. 

° u of N.P.X. obtained at each of the extractions 
\ 2 3 4 5 
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A study of the above results (Table II) reveal^ that the N.P.N. fraction of 
aconite bean has a higher percentage of dicarboxylic acid nitrogen than either of 
the other two fractions, whilst C. arietinium contains the maximum amount of 
the basic nitrogen. The proline-hydroxyproline content of P. mungo appears to 
be exceptionally high as revealed by the non-amino-nitrogen in the non-basic 
fraction. 


Table III* Essential amino-acids as percentages of total nitrogen. 


Arginine Arginine 

(Van Slyke) (enzyme) 

P. aconitifolius 12-71 11-85 

C. arietinium 45*48 22*92 

P. mungo 34-59 16*30 


Tyrosine Tryptophan Cystine 

0-84 0*42 (*22 

0-60 0-50 M3 

0-78 1-15 3-39 


Table III shows that whilst in the case of P. aconitifolius there is a fair agree¬ 
ment between the arginine values obtained by the Van Slyke and enzyme 
methods, there is a great discrepancy between similar pairs of values for the 
other two pulses, the values by the enzyme method being about half those by the 
Van Slyke method. This discrepancy points to the existence of bases other than 
arginine which are capable of yielding ammonia during alkali hydrolysis and 
which appear to possess no free amino-group capable of reacting with nitrous 
acid, as revealed by the high values for non-amino-nitrogen (Table II) in the 
basic fraction. Further work to characterise these bases is now in progress. 

The percentage of tyrosine in the non-protein-nitrogen fraction is very 
much lower than the tyrosine content of globulins associated with the respective 
seeds, as given by Niyogi et al. [1932]. The tryptophan content in general follows 
the same order as obtains in the globulins, whilst the cystine content of the 
fraction from P. mungo is very much higher than the cystine content of 
the globulins of the seed as reported by Niyogi el al. [1932]. 


Summary. 

1. The non-protein-nitrogen fractions of the three pulses, P. aconitifolius , 
C. arietinium and P. mungo , have been extracted by dilute acetic acid and con¬ 
centrates prepared for analysis. The nitrogen of the fraction has been partitioned 
by the method of Van Slyke as modified by Damodaran to include dicarboxylic 
acid-nitrogen. 

2. An independent determination of the essential amino-acids, tyrosine, 
tryptophan, cystine and arginine by the arginase-urease method has been carried 
out. The results strongly point to the existence of a new base other than arginine. 
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CCII. VITAMIN C REQUIREMENTS 
OF THE GUINEA-PIG. 

By SYLVESTER SOLOMON ZILVA. 1 

From the Division of Nutrition, Lister Institute , London . 

(Received 27 June 1936.) 

Van Eekelen el al [1933], Hess & Benjamin [1934] and Johnson & Zilva [1934] 
have shown that human beings do not excrete ascorbic acid or excrete it only 
to a limited extent when it is ingested by them unless they are fully “saturated” 
with the vitamin. The last-named workers were at the same time able to show by 
means of detailed quantitative experiments that certain individuals may be so 
depleted of the vitamin as to take a considerable time to reach the condition of 
saturation when consuming daily doses of 100-150 mg. of vitamin C. Yet such 
individuals not only fail to display any symptoms even of latent scurvy but 
apjiear to be in perfect bodily and mental vigour. Similar results have since been 
obtained by a number of workers. Some of these art*, however, inclined to 
attribute to this lack of vitamin 0 “saturation” a clinical significance which hi 
the opinion of the writer is not warranted by the existing knowledge of the 
subject. Experiments on guinea-pigs are given below which throw some further 
light on the matter. 

The chief aim of this investigation was to ascertain the relationship of the 
intake of ascorbic acid to the vitamin C content of the “selective” organs and 
other tissues of these animals, to their susceptibility to scurvy, to the urinary 
excretion of ascorbic acid and to their general well-being. 

Storage of vitamin C and susceptibility to scumj. 

That guinea-pigs of about 300 g. maintained on a good diet with cabbage 
ad lib. under favourable hygienic conditions show little individual variation in 
susceptibility to the disease is well known to workers in experimental scurvy. The 
tissues of these animals, especially the “selective” tissues such as the adrenals, 
anterior lobe of the pituitary, the liver, the small intestine etc. contain vitamin C 
in quantities which cannot be raised even by further administration of high 
doses of ascorbic acid either per os or by injection. In other W'ords, when the 
tissues of growing guinea-pigs are supplied with vitamin C to their maximum 
capacity, the animals vary little in the time taken by them to succumb to 
scurvy. 

The following experiments were designed in order to obtain more detailed 
knowledge concerning the influence of the bodily store of vitamin C in the guinea- 
pig on the time of survival on a scorbutic diet. For this purpose chosen animals, 
as used for customary vitamin C testing, were placed on the scorbutic diet em¬ 
ployed in this laboratory. During the first 10 days the various groups received 
per os daily doses of 0*5,1, 2, 3,10 and 20 mg. of ascorbic acid respectively. At 
the end of this time the daily dose was discontinued and the animals were 
allowed to remain on the scorbutic diet until they succumbed. It is seen from 
Fig. 1 that the time taken by group 1 (daily dose 0*5 mg.) to succumb to scurvy 
after receiving the last dose of ascorbic acid (average time about 20 days) was 
1 Member of the Scientific Staff, Medical Research Council. 
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All the animal* except those in group 8 died of scurvy, uncomplicated by any other disease. 
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less than that taken by the control group 9. The animals in group 2 also died of 
the deficiency earlier than the control group of animals, but the difference here is 
less marked than in the case of group 1. The remaining groups appear to the 
writer not to have shown any significant deviation in their behaviour on the 
deficient diet from that of the animals which consumed very generous supplies 
of vitamin C in the form of cabbage during the period preceding the deprivation 
of the vitamin. It is of interest to note that when the guinea-pigs were depleted 
of vitamin 0 previous to the period of dosage with 0*5 mg. of ascorbic acid the 
time taken by the animals to succumb to scurvy (group 7) was almost the same 
as when no previous depletion took place (group 1). Furthermore, a dose of 
0*5 mg. administered daily after exhausting the animals of their vitamin C store 
by maintaining them on a scorbutic diet for 10 days was sufficient to prevent the 
production of macroscopic lesions after 37 days when the animals were killed 
by chloroform (group 8). The import of these results will receive comment in a 
subsequent section when they will be considered in conjunction with the other 
information obtained in this investigation. 

The influe?ice of the quantity of ascorbic acid consumed on the 
concentration of the vitamin in the tissues . 

The original aim was to establish the minimum daily dose of ascorbic acid 
necessary to be consumed per os bv the guinea-pig in order that the animal 
should excrete it in appreciable amounts in the urine and to correlate this dose 
with the concentration of the vitamin in the tissues. This could not be ascer¬ 
tained by direct experiment, since it was found that the guinea-pig had to con¬ 
sume extremely high doses of ascorbic acid before any appeared in the urine. 
Recourse was, therefore, made to injection after which, as has been shown already 
by the writer [Zilva, 1935,1,2], urinary excretion of the vitamin quickly follows. 
Analyses of the tissues of a number of guinea-pigs which received single graded 
injections were therefore carried out and compared with those of groups of 
animals receiving similar doses per os. 

All the injections, unless otherwise stated, were performed intramuscularly 
(femoral muscle) without an anaesthetic. The injected animals were previously 
depleted of vitamin C by maintenance on a scorbutic diet for 6 days but the 
other groups received their dose orally for 15 days whilst subsisting on a scor¬ 
butic diet without being previously depleted. Details of the method of analysis 
have already been described in a previous communication [Zilva, 1935, 1]. 

It is seen from the figures in Table I that, considering the limitations of the 
method, the injection of a single dose of ascorbic acid brings about in the tissues 
of the guinea-pig a concentration of the vitamin similar to that found when the 
animal receives orally an equal dose daily for 15 days whilst on a scorbutic diet. 
Consequently the necessary concentration of ascorbic acid in the tissues following 
injection which permits its excretion in the urine can be reached by the same 
dose given per os for 15 days. It is further seen that a dose of 5-8 mg. was 
required by the guinea-pig on a scorbutic diet before even a trace of the vitamin 
could be detected in their tissues and finally that the highest concentration 
approximately equal to that obtained by the injection of 50 mg. was only 
attained when doses of about 20 mg. were employed. 

Results obtained by Jacobsen [1935], Giroud et aL [1935], Fox & Levy [1936] 
and De Caro [1936], in connexion with the deposition of ascorbic acid in the 
tissues agree in principle with those given above. Owing, however, to' the 
different experimental procedures adopted by these workers, especially by 
tiie former, direct comparison of the quantitative data is made difficult. 
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The influence of the quantity of ascorbic acid in the tissues 
on its excretion in the urine . 

Reference was made above to the fact that extremely high doses of ascorbic 
acid must be administered to guinea-pigs per os before it appears in the urine. 
This is illustrated by the following details. Guinea-pigs previously depleted of 
vitamin C by subsisting for 5 days on a scorbutic diet failed to excrete any 
ascorbic acid in the urine after receiving 9 daily doses of 50 mg. The admini¬ 
stration of as much as 300 mg. to animals not even previously depleted failed to 
cause any appreciable excretion. Only when the dose was raised to 500 mg. did 
the vitamin appear in the urine and then in a comparatively small amount, 
namely 8 mg. Similarly a dose as high as 1 g. was followed by the excretion of as 
little as 36 mg. Euler [1935] also failed to find appreciable excretion by the 
guinea-pig after similar doses given per os. 

As seen from Table I, ascorbic acid is much more readily excreted by the 
kidney after it is injected. It was found in fact that the vitamin began to be 
voided in the urine after a single injection as soon as its concentration in the 
tissues of the animal approached the maximum. In these experiments this was 
achieved when a daily dose of 20 mg. was consumed by the guinea-pigs for 15 days 
or after a single injection of the same dose in vitamin C-depleted animals. 

It is to be noted that comparatively little ascorbic acid is excreted in the 
urine when 20 mg. are injected but the quantity excreted increases with the 
rise in the dose. The amount of the vitamin voided is, therefore, controlled not 
only by the concentration in the tissues but also by the size of the dose injected. 
If the dose is too small no significant quantities of the vitamin will appear in the 
urine. 

Vitamin C depletion of the tissues and prolonged growth of guinea-pigs . 

As a point of interest in connexion with the problem of the influence of 
vitamin C storage on the welfare of the guinea-pig, it is appropriate to record 
here the history of these animals covering the major part of their life while 
subsisting on vitamin C supplies which, although fully protective, do not permit 
of their storage in significant quantities in the tissues. A number of such 
guinea-pigs were examined in this connexion and a few representative cases are 
described here in a summarized form. All the animals to be discussed were 
females since the main purpose of the experiment to which they belonged 
necessitated the choice of this sex. The sex factor does not, however, affect the 
present issue. These guinea-pigs were kept on a scorbutic diet offered ad lib . 
which consisted of oats, bran, middlings, fish meal, barley meal and autoclaved 
full-cream milk made up from a dried powder. Besides the basal diet the animals 
reoeived daily 10 ml. of decitrated lemon juice which was approximately equi¬ 
valent to 5 mg. of ascorbic acid. 

B61. This guinea-pig was under observation on the above diet from 
28 July 1933 to 8 November 1934. Its initial weight was 305 g. and it reached 
a maximum weight of 765 g. after 313 days. The animal was killed by stunning 
and bleeding at the end of 467 days and its tissues were examined for the pre¬ 
sence of ascorbic add. No significant quantities of the vitamin could be detected. 
Macroscopic signs of scurvy were not found at the post-mortem examination. 

B 77. This guinea-pig was under observation on the above diet from 31 July 
1933 to 7 July 1934. Its initial weight was 310 g. and it reached a maximum 
weight of 970 g. after 221 days. The animal was killed by stunning and bleeding 
at the end of 465 days. No significant quantities of asoorbic acid were found in 
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its tissues and no macroscopic signs of scurvy were found at the post-mortem 
examination. 

B 87. This guinea-pig was under observation on the above diet from 
7 September 1933 to 4 May 1936, i.e. for 969 days, when it died of pneumonia. 
No macroscopic signs of scurvy were found at the post-mortem examination. 
Its initial weight was 340 g. and it reached the maximum weight of 986 g. after 
649 days. 

B 99. This guinea-pig was under observation on the above diet from 
15 January 1934. Its initial weight was 255 g. It is still alive and growing, having 
reached the weight of 875 g. 

The above typical experiments show that the animals could survive for long 
periods and reach body weights similar to those attained by fully ‘‘saturated" 
guinea-pigs subsisting on a diet containing cabbage ad lib. without having any 
appreciable store of vitamin C in their tissues. 

The influence of vitamin C depletion in guinea-pigs on the 
complement of their serum. 

A number of years ago it was shown by the writer fZilva, 1919] that guinea- 
pigs existing on a scorbutic diet and receiving low doses of the vitamin, in¬ 
sufficient to protect them from scurvy but high enough to prolong the duration 
of the disease for several months, when immunized with a typhoid organism 
yielded sera with as high amboceptor and agglutinin titres as those obtained 

Table n. 

Wt. of 

guinea Complement dilution 

pig ,---— " 


Diet 

g- 

1/12 1/16 1/24 

1/32 

1/48 

1/64 

1/96 

1/128 

1/192 

5 days on scorbutic diet. 

310 

4 

4 

34 

3 

24 

o 

1 

trace 


*> tt 

315 

4 

4 

34 

34 

3 

2 

1 

trace 

- 

It tt 

275 

4 

4 

34 

34 

3 

2 

1 

trace 


tt » 

315 

4 

4 

34 

3 

2 

1 

trace 

- 

- 

7 days on scorbutic* diet 

340 

4 

3* 

34 

3 

24 

2 

1 

trace 


** »» 

270 

4 

4 

34 

3 

24 

2 

1 

trace 

- 

Mixed diet 

450 

4 

4 

34 

3 

2 

2 

1 

trace 


7 days on scorbutic diet 

315 

4 

4 

34 

34 

3 

2 

2 

traoe 

- 

Mixed diet 

310 

4 

34 

34 

3 

3 

1 

1 

- 

- 

7 days on scorbutic diet 

342 

4 

4 

34 

3 

24 

2 

trace 

trace 

_ 

Mixed diet 

320 

4 

4 

4 

34 

3 

2 

2 

1 

- 

10 days on scorbutic diet 

310 

4 

3£ 

3 

3 

24 

2 

1 



Mixed diet 

315 

4 

H 

3 

3 

2 

1 

1 



10 days on scorbutic diet 

350 

3 Jr 

34 

34 

3 

3 

2 

2 

1 

_ 

Mixed diet 

305 

4 

4 

34 

3 

24 

2 

14 

trace 

- 

10 days on scorbutic diet 

33 5 

4 

34 

3 

2J 

2 

1 

trace 

— 

- 

Mixed diet 

335 

4 

34 

3 

3 

2 

1 

trace 

trace 

- 

19 days on scorbutic diet 

380 

4 

4 

34 

24 

2 

1 

tract' 


- 

»* »t 

330 

4 

4 

34 

3 

24 

I 

trace 

- 

- 

Mixed diet 

310 

4 

34 

3 

24 

2 

1 

trace 

- 

- 

20 days on scorbutic diet 

320 

3i 

3 

2 

1 

trace - 

— 

— 


** it 

325 

4 

34 

3 

2 

14 

1 

trace 

- 

- 

Mixed diet 

305 

4 

34 

2 

14 

1 

trace* 

trace 

- 

- 

7 days on scorbutic diet 

440 

4 

34 

2 

14 

1 

traoe 



_ 

♦» »* 

470 

4 

34 

2 

14 

1 

trace 

- 

_ 

— 

Mixed diet 

440 

4 

4 

2 

4 

1 

1 

- 

- 

- 

7 days on scorbutic diet 

425 

4 

34 

3 

H 

2 

1 

trace 

— 


,,, ** >* 

450 

4 

H 

3 

24 

2 

1 

trace 

— 


Mixed diet. 

450 

4 

34 

2 

24 

2 

1 

trace 

- 1 

- 
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from animals receiving cabbage ad lib . Nor was there any diminution in the 
complement activity of the blood of these animals subsisting on the restricted 
diet for prolonged periods. Recently Marsh [1930J asserted that in guinea-pigs 
depleted of vitamin C for 7 days or less the complement, as determined by a 
standardized haemolytic serum, either disappeared or suffered reduction. No 
experimental details were given. 

Table II gives data of complement titrations obtained with sera from 
guinea-pigs which have been deprived of vitamin C for 5, 7, 10, 19 and 20 days 
respectively. It is seen, as would have been expected from the writer’s earlier 
work, that no significant difference between the titres of the sera of these 
animals and those of control animals receiving a mixed diet with cabbage ad lib . 
could be observed. 

1 am indebted to Dr D. B. Steabben for checking the readings of the above 
titrations. 

Discussion. 

The minimum prophylactic daily dose which is capable of protecting growing 
guinea-pigs of about 300 g. subsisting on a vitamin C-deficient diet from macro¬ 
scopic scorbutic lesions lies in the region of 1 mg. [Zilva, 1932; Hirst & Zilva, 
1933: and others] and according to Goettsch [1928] and others about double this 
quantity is required to obviate the development of microscopic lesions in the 
pulp of the t<*eth of these animals. The above results show' that only traces of the 
vitamin are found in the “selective” tissues of guinea-pigs, when a daily dose 
of 5-8 mg.—a dose 2-3 times as great as that which prevents the production of 
microscopic lesions—is given for 15 days. Furthermore, to attain the maximum 
concentrat ion in the tissues such as is obtained by the injection of 50 mg. of 
ascorbic acid in a vitamin ('-depleted animal, ten times the protective dose of 
2 mg. is necessary. It was found in addition that on administering the protective 
dose (2 mg.) to guinea-pigs on a scorbutic diet for 10 days, the time taken by 
these animals to succumb to the disease w as not significantly less than that taken 
by guinea-pigs which received a daily dose of 20 mg. during the preliminary 
period and even by guinea-pigs which consumed cabbage ad lib. previous to being 
placed on a deficient diet. Yet in both the latter groups the concentration of 
ascorbic acid in the tissues w r as at a maximum before the vitamin was withheld 
from the diet. The accumulated vitamin C in the body of the guinea-pig therefore 
does not act as a store in the true sense of the word. 

The difference between the dose necessary fully to protect the guinea-pig 
from scurvy and the one which brings about the maximum “saturation” of its 
tissues with the consequent elimination of a part of it in the urine, is therefore 
great. No evidence could, however, be obtained which indicated that guinea- 
pigs receiving daily doses ranging from the minimum protective dose to that 
necessary to bring about the “saturation” of their tissues with the vitamin, or 
even to that necessary for discrete traces of ascorbic acid to appear iri the 
“selective” tissues, deviated from their “saturated” fellows in any discernible 
feature. If guinea-pigs in this zone of “unsaturation ” are in a condition inimical 
to their well-being it is of a character too subtle to be detected by the methods 
employed in this investigation. Slight microscopic changes in the teeth of 
guinea-pigs can be observed after they have subsisted for 7-10 days on a 
scorbutic diet [Zilva & Wells, 1919], by wdiich time we now know' that their 
tissues have lost the best part of their vitamin C, but as was seen tissues of 
animals receiving doses capable of preventing these microscopic changes contain 
ascorbic acid in minimum amounts and consequently very marked depletion of 



1428 a a ZILVA 

guinea-pig tissues of vitamin C is no indication of the presence of even these 
microscopic lesions. 

Great caution must be exercised in interpreting the bearing of the above 
results on human beings. Obviously systematic experiments such as those 
described cannot be carried out on man. The only information available in this 
respect are data recorded by a number of workers in connexion with the urinary 
excretion of ascorbic acid—results which are not easy to correlate. The com¬ 
parison is made difficult by the fact that in determining the balance between 
the intake and output of the vitamin, the amount of ascorbic acid not accounted 
for varies with the magnitude of the ingested dose, the experimental subject 
and even with the same individual at different times under similar dietary 
conditions [cf. Johnson & Zilva, 1934], Nevertheless, from the available evidence 
it may be concluded in general that in human beings suffering from declared 
scurvy the degree of ‘‘saturation ” with vitamin C 1 is lower than that of the most 
“ unsaturated ” subjects who are free from the disease and in good and apparently 
normal health. This fact emerges particularly from the investigations of Schultzer 
[1936] and Johnson & Zilva [1934]. The observations of Archer & Graham [1936] 
in the writer’s opinion also point in the same direction. There is so far, however, 
no evidence, clinical or laboratory, that such “unsaturated” subjects are in a 
worse state of health than “saturated” persons. The present investigation 
carried out on animals more susceptible to scurvy than man also failed to disclose 
any significant departures of the one type from the other. It was in fact found 
that “unsaturated” guinea-pigs receiving daily doses of vitamin 0 just sufficient 
to prevent the development of macroscopic and microscopic scorbutic lesions 
succumbed to the disease in almost the same time after the daily dose was dis¬ 
continued as did the fully “ saturated ” guinea-pigs. It is also significant to note 
in this connexion that Schultzer’s patients remained “unsaturated” for a con¬ 
siderable time after the disappearance of the scorbutic symptoms, in spite of 
receiving such high doses as 600 mg. per day. There seems therefore to be in 
human subjects also a wide margin of “unsaturation” which has no obvious 
detrimental effect on the health of the individual. To apply to this zone of 
“unsaturation” such expressions as “hypovitaminosis C”, “latent or potential 
scurvy”, “vitamin C sub-nutrition”, “subacute scurvy” etc.—expressions 
which imply ill-defined pathological conditions—is not justified by our present 
state of knowledge. Even if some subtle inimical change be associated with this 
particular state of “unsaturation” the use of such expressions can only tend to 
obscure the issue. 

It is appropriate to add that the failure on the part of an “unsaturated” 
subject to excrete ascorbic acid in the urine after the administration of a single 
dose, even a high one, does not yield any information as to the degree of his 
“unsaturation”. 

Summary. 

An oral dose of about 600 mg. of ascorbic acid is necessary for growing 
guinea-pigs (of about 300 g.) subsisting on a mixed diet before thei vitamin is 
excreted in the urine. In contrast to this, excretion is brought about by the 
injection of a very much lower dose. 

Graded doses of ascorbic acid were injected into vitamin C-depleted guinea- 
pigs and it was found that demonstrable traces of the vitamin appeared in the 

1 The expression “ saturation” is used in the sense defined by Johnson Sc Zilva, i.e. an animal 
is said to be “saturated’' when upon ingesting a constant daily amount of asoorbic acid it excretes 
a more or less constant- daily amount of the vitamin in the urine. v 
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tissues only when a dose between 5 and 8 mg. was employed. The injection of 
20 mg. of the acid produced a concentration in the tissues equal to that observed 
when 50 mg. were injected and this was considered the maximum concentration 
attainable under the experimental conditions described. Similar results were 
obtained when corresponding doses were administered per os for 15 days to 
guinea-pigs on a scorbutic diet. Ascorbic acid first appeared in the urine when 
20 mg. were injected, i.e. when the maximum concentration of the vitamin in 
the tissues was reached. As the dose was increased the amount of ascorbic acid 
excreted also rose. 

The time taken by guinea-pigs to succumb on a scorbutic diet after having 
previously received for 15 days whilst on this diet 2 mg. of ascorbic acid (the 
protective dose) daily was about the same as that taken by animals which were 
offered cabbage ad lib . during the preliminary period. Previous “saturation” 
of the tissues therefore does not delay the fatal termination of the disease. 

Guinea-pigs on a scorbutic diet receiving daily doses of 10 ml. of decitrated 
lemon juice (about 5 mg. of ascorbic acid) were observed to live for a number of 
years during which time they attained very high weights, although the tissues of 
such animals contained only minimum amounts of vitamin C. 

The complement activity of guinea-pig blood suffers no reduction when the 
animals are depleted of vitamin C or even when they are in a scorbutic con¬ 
dition. 

Thanks are due to Messrs Hoffmann La Roche, Ltd., for a gift of ascorbic 
acid. 
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CCIII. CATARACT AND ASCORBIC ACID 
IN THE GUINEA-PIG EYE. 


By SYDNEY WALGATE JOHNSON. 

From the Division of Nutrition, Lister Institute , London . 

(Received 17 June 1936.) 

The occurrence of vitamin C in the aqueous humour and lens in relatively largo 
amounts, first noted by Birch & Dann [1933; 1934] in the case of the ox and 
sheep, has attracted much attention by workers interested in the genesis of 
cataract. Thus Muller et al. [1933; 1934; 1935] found that the vitamin content 
of both the aqueous humour and lens of cattle and rabbits decreased with age 
and on the development of cataract. The latter workers as well as Fischer [1934] 
not only associated the vitamin with the respiratory activity of the lens but 
suggested that it was most probably synthesized in that organ, at least of young 
animals. However, although Fischer found that derangements of the respiratory 
function resulted in the formation of cataracts, he was unable to state whether 
the disappearance of the vitamin preceded or followed the development of the 
cataract. The view that the lens could synthesize the vitamin was questioned by 
Van Eekelen etal. [1934] who inclined to the belief that it was accumulated there 
by a selective secretory process. 

Similar variations in the vitamin content of the eyes of other animals and 
man due to the same causes have been observed by Euler and co-workers [1933; 
1934], 

The above results were obtained chiefly by titration of extracts with indo- 
phenol but the presence of the vitamin in the humours and lens of the normal 
eyes of the ox was demonstrated biologically by Birch & Dann [1934], Euler & 
Malmberg [1934] and more recently by Muller & Demole [1935]. 

It is now well established that the guinea-pig quickly loses its store of 
vitamin C when maintained on a scorbutic diet. The organs of this animal which 
are known selectively to absorb it have been found to lose their individual 
stores simultaneously and to become depleted in about the same time. Since 
the amount of vitamin available for distribution in the body of the guinea-pig 
can be readily controlled, it was of interest to determine whether the eye behaved 
similarly to the other organs in this respect in the hope of contributing to the 
solution of the above problem. 

The problem was considered from two aspects. One the fate of the ascorbic 
acid in the eye of the guinea-pig during the process of depletion of vitamin C 
and the other its occurrence in the eyes of the depleted animals following the 
administration of the vitamin. 

Owing to the small quantities of material available, biological methods of 
establishing the presence or of determining the amounts of vitamin C in the lens 
of the guinea-pig were not applicable to the present work. The indophenol 
titration method whilst simple tends to give untrustworthy results when used 
with extracts of tissues, such as the lens, which contain sulphydryl compounds. 
The speetrophotometric method was therefore employed in conjunction with the 
titrimetric method in order to obtain greater specificity. * 

( 1430 ) 
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Trichloroacetic acid, which was used by Van Eekelen et al. [1934] and Plaut 
et al . [1935] as a protein-precipitating agent in their work on the humours and 
cerebrospinal fluid, is not suitable for the preparation of extracts in these 
determinations because of the opacity of its solutions in the region below about 
260m/x where ascorbic acid shows selective absorption. Freshly redistilled 
absolute alcohol was therefore employed not only on account of its transparency 
but also because of the stability which it confers upon ascorbic acid. 

Experimental. 

The spectrograph, light source etc., which were employed in this work have 
already been described in another paper from this laboratory [Kellie & Zilva, 
1936]. 

A value of 10,000 was obtained for the molecular extinction coefficient of 
pure ascorbic acid in iV/100 HC1 in 90 % alcohol. In this solution the head of the 
absorption band occurred at 245ra/x. All determinations were made on acidified 
solutions and the above value was used in estimating the amounts of ascorbic 
acid. 

Titrimetric and spectrophotometric determinations of ascorbic acid . 

The humours and lenses of the horse, ox, sheep and pig, as well as those of 
the guinea-pig, wen* examined. 

Determinations in the aqueous humour. The humours were collected in an 
injection syringe by puncture of the cornea near to the centre of the pupil, the 
needle being inserted obliquely so as to avoid injury to the iris and lens. They 
seldom needed to be clarified but when necessary they were filtered or centri¬ 
fuged. 

For the titrimetric determination the humour was acidified with one-fifth 
of its volume of glacial acetic acid and titrated directly with indophenol. The 
latter was standardized so that 10 ml. of the indicator solution were equivalent 
to 1-0 mg. of ascorbic acid. 

In the speetrographic determination a dilution of 1 in 10 generally sufficed 
to give the required concentration of 0o-2*5 mg. of ascorbic acid per 100 ml. 
Two equal volumes of humour, usually 1*0 ml., were necessary. One was 
immediately acidified with 0*2 N HC1 and diluted with fresh glass-distilled water 
to give the desired concentration of humour in 0*02 N HC1. The ascorbic acid 
in the second sample was oxidized by diluting it with water to about 80 % of its 
final volume and adding sufficient CuS0 4 solution to give ultimately a concen¬ 
tration of 2 mg. of Cu per litre of solution. At the reaction of these solutions, 
which was invariably neutral, the oxidation was complete in an hour. It was 
then acidified and the acid concentration adjusted as in the previous case. The 
absorption spectrum of each solution was measured by comparing the first with 
an equal depth of 0*02 N HC1 and the second with a similar solution containing 
2 mg. of Cu per litre. This procedure allows the absorption due to the reagents 
to be balanced during the determinations and thus to be virtually eliminated 
from the photographs. The difference between the curves for the two solutions 
gives a measure of the absorption due to ascorbic acid. 

Determinations in the vitreous humour . The vitreous humour and lens were 
removed together by pressing in the cornea after slitting the sclerotic. They 
could then be easily separated from one another. The humour was freed from the 
fine fibrous mesh and other insoluble material by filtering it with gentle suction 
through a small tight pad of glass wool. Any excess protein in the filtrate could 

Bioohem. 1936 xxx 02 
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be readily precipitated by adding one drop of glacial acetic acid per ml. of 
humour. 

The spectrophotometric and titrimetric determinations were carried out in 
the same manner as in the case of the aqueous humour. 

Determinations in the lens . The lenses were freed from adhering humour with 
filter-paper. Titrations were carried out on trichloroacetic acid extracts, which 
were prepared by thoroughly grinding the lenses in the first place with powdered 
glass and an equal weight of water and then with five volumes of 5 % trichloro¬ 
acetic acid. 

Alcoholic extracts were used for the spectrophotometric determinations and 
in calculations the lenses were considered to contain 60 % of water. The lenses 
were ground with powdered glass and 40 % of their weight of water. The well 
ground mass, whilst vigorously stirred, was slowly diluted with freshly re¬ 
distilled absolute alcohol until the concentration of the latter became 90%. 
The protein, which commenced to separate when the concentration of alcohol 
rose above 50 %, was removed on the centrifuge. Other material which reduced 
the transparency of the solutions in the essential ultra-violet region was pre¬ 
cipitated by the addition of 2 % of a 1-5 % solution of CdCl 2 in 98 % alcohol. The 
final extracts were invariably neutral in reaction. 

Observations made at the essential stages indicated that no appreciable losses 
of ascorbic acid occurred during the extraction. Table I shows that ascorbic 
acid in a solution of the lens material was quite stable and almost completely 
protected from oxidation by relatively large amounts of Cu at pH 7*6. There 

Table I. 

ml. A’/IOOO indophenol reduced by 1-0 ml. 
solution containing 13 mg. ascorbic 
acid per 10 ml. of 2% lens material 
Solution kept at pH 7-0 



r 

Solution 

Time in 

Solution 

containing 0*1 mg. 

hours 

alone 

Cu per 10 ml. 

0 

lfi-3 

15-5 

3 

14-0 

14-0 

7 

13-0 

13*0 

20 

120 

100 


was therefore little risk of it becoming oxidized whilst the lenses were being 
ground. The coincidence of the absorption curves in Fig. 1 demonstrates that no 
significant losses occurred during the subsequent manipulations. One of the 
curves refers to an extract of the lens to which ascorbic acid was added before 
precipitation with alcohol and the other to an extract of the same material to 
which an equal quantity of ascorbic acid was added after the precipitation. 
Such agreement between the two curves is only possible when no loss of ascorbic 
acid is involved in the precipitation. 

In the spectrographic determination, the oxidation was carried out by 
adding sufficient Cu to give a concentration of 4 mg. per litre. Although ascorbic 
acid is normally quite stable in alcoholic solution it oxidizes in alcohol at a 
much quicker rate than in water on the addition of Cu, presumably owing to the 
much larger amounts of oxygen dissolved by the former. The freshly prepared 
and oxidized extracts were acidified with 25 % of their volume of 0*2 N HC1. 
When each extract was balanced against its corresponding blank solution, as in 
the case of the humours, more satisfactory results were obtained with the extracts 
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of the lens of the horse, ox, sheep and pig than with those of the guinea-pig. 
In contrast to the others it was found that in the guinea-pig extracts the absorp¬ 
tion due to ascorbic acid was small compared with the total absorption. This 
difficulty was overcome by comparing the oxidized and untreated extracts 
together in the photometer, which virtually eliminates the absorption due to 
the material other than ascorbic acid in the extracts. It was then necessary 
to reduce the amount of Cu to 1 /10th of that previously employed and to 
determine its absorption also, for although the latter is very small in dilutions 
of this magnitude it cannot be ignored when the absorption to be measured is not 
great. 



Fig. 1. Fig. 2. 

Fig. 1. Guinea-pig Iona extract containing 12*5 mg. added ascorbic acid per 100 g. of lens. 
Extract equivalent to 4 g. lens per JOOinl. * — x Ascorbic acid added before precipita¬ 
tion. o—o Ascorbic acid added after precipitation. 

Fig. 2. Ox aqueous humour, dilution 1 10. Ascorbic acid -21 mg. 100 ml. (titration showed 
21-6mg./100 ml.). x— > Humour, o —o Humour after oxidation. &—a Ascorbic acid. 


Results. 

Good agreement between the results of the spectrophotometric and indophenol 
titration methods was found to exist only in the case of the humours. The 
titration values obtained for the lenses were invariably higher than those of the 
spectrographic method (Table II). The absorption curves in Pigs. 2, 3 and 4 are 
typical and illustrate this fact. In this connexion it must be mentioned that the 
biological tests of Muller & Demole [1935] showed that whereas the ascorbic 
acid content of the humours of the ox eye was truly indicated by the indophenol 
method, that of the lens only accounted for about a half of its indophenol-reducing 
capacity. It may therefore be concluded that whilst the titrimetric method 
could not be applied in the determination of ascorbic acid in the lens, the 

92—2 
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Table II. 


Animal 

Horse 

Ox 

Tissue 

j Aqueous humour 
1 Vitreous humour 

I Aqueous humour 
{ Vitreous humour 

Sheep 

»» 

Mg 

»* » 

Guinea-pig 

it it 

«» 

Horse 

»» «» 
Lens 

Ox 

*» 

Sheep 

it 

Pig 

it 



Fig. 3. 


Ascorbic acid in mg. per 
100 ml. or per 100 g. 

A - .- 



Spectrophoto¬ 

lndophenol 

metric 

titration 

determination 

16-6 

18-0 

9-0 

12-0 

21-6 

21-0 

15*0 

10-0 

13-5 

10-0 

5-0 

•V5 

21-3 

200 

18*5 

19*0 

370 

26-0 

32*6 

22-5 

21 0 

17-5 

260 

13-5 



Wavelength mp 
Fig. 4. 


Fig. 3. Ox lens extract,; equivalent to 4*4 g. lens per 100 ml. Ascorbic acid = 22-5 mg./100 g. 
lens (titration showed 32*6 mg./lOO g. lens), x— x Extract, o—o Extract after oxidation, 
a—a Ascorbic acid. 


Fig. 4. Guinea-pig vitreous humour, dilution 1/10. Ascorbic acid = 19 mg./lOO ml. (titration showed 
18-5 mg./lOO ml.), x — x Humour, o—o Humour after oxidation, a—a Ascorbic acid. 


spectrophotometric method showed adequate specificity for this purpose. Con¬ 
sequently the titration method sufficed in the case of the humours but both 
methods were employed for comparison in the examination of the lens. 


The fate of ascorbic acid in the humours and lens of the guinea- 
pig during depletion of vitamin C. 

The guinea-pigs employed in this work were taken from a stock which had 
subsisted for a long period on a normal mixed diet of oats, bran and cabbage 
ad Kb . They were divided into three groups each consisting of 12 animals of 
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similar age and weight. The eyes of the first group were used as controls and 
were examined immediately. The second and third groups were maintained on 
soorbutic diets for 5 and 9 days respectively. All the animals were killed by 
stunning and bleeding and their eyes removed and examined without delay. 
No macroscopic abnormalities were observed in any of the eyes. 

Ascorbic acid in lens 
mg. per 100 g. 


Tifcri- Spectro- 

metric photometric* 
deter- deter¬ 
mination mination 

SO 4-0 

4*7 1*5 

4*0 0-0 

It will be seem from Table III that the concentrations of ascorbic acid in the 
two humours of the animals of the control group were about equal but greater 
than that in the lens. In the latter the concentration of the vitamin determined 
speetrographieally amounted to only half of that indicated by the titration. In 
group 2 the concentration in the lens as determined by both methods had fallen 
but the titration value remained much higher than that of the spectrographic 
method. The value found by the spectrograph in this case is only approximate 
owing to the low level to which the concentration had fallen. The loss of the 
vitamin from the humours of the animals of this group was also very marked : 
it was almost complete in the aqueous humour but an appreciable amount 
remained in the vitreous humour. No ascorbic acid was detectable by the 
spectrographic method in the lenses of the last group of animals in spite of the 
fact that the indophenol titration method indicated a reducing capacity equal to 
half that of the control group. This residual reducing capacity happens to he 
equal to the difference between the amounts of ascorbic acid determined by 
titration and by the spectrograph in the case of the animals of the control 
group which strongly indicates that the fail in the reducing capacity during the 
period of depletion is due to ascorbic acid alone. 1 Both the humours of the last 
group were practically devoid of ascorbic acid. 

The above results show that the humours and lens resemble the other tissues 
in their inability to conserve their stores of ascorbic acid when the animals are 
maintained on vitamin C-deficient diets. It is concluded from tlio rate at which 
it occurs that the loss of the vitamin from the eye runs parallel with that of the 
body generally. This conclusion is contrary to the view expressed by Ray et al. 
[1935] that the lens of the scorbutic guinea-pig holds tenaciously to a part of its 
vitamin C oontent. They arrived at this conclusion by the application of the 
titrimetric method only. In view of the above results the residual indophenol- 
reducing capacity of the lens observed by them, which in any case seems rather 
high, was evidently not due to ascorbic acid. 

The occurrence of ascorbic acid in the eyes of vitamin C-depleted 
guinea-pigs following its administration. 

The distribution of the vitamin in the avascular parts of the eye can be 
approximately followed from the ascorbic acid concentrations in the humours 
which nourish them sinoe it has been shown that the lens and humours are 
1 Only approximate relations between the corresponding figures can be expected since the 
changes occurring in the eyes cannot be examined in the same animals at each stage. 


Group 

Average 

weight 

g- 

Diet 

1 

390 

Normal 

2 

398 

Scorbutic 

3 

404 



Table III. 

Duration Titrimetric determination 
of ascorbic acid in humours 
experi- mg. per 100 ml. 

inent ,--- A -^ 

days Aqueous Vitreous 

130 120 

5 05 2-5 

0 0-3 (?) 0-7 
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analogous in their behaviour to one another and to the other tissues which 
selectively absorb it. In order therefore to simplify the experimental procedure, 
titrations of the vitreous humour only were carried out in the following experi¬ 
ments. Seven groups of two animals each, similar to those previously employed 
were used in this work. They were all maintained on a scorbutic basal diet. After 
the preliminary period of depletion on this diet the animals of three of the groups 
received ascorbic acid per 03 and the remainder by intramuscular injection. In 
all cases the animals were killed in the same manner as those in the previous 
experiment 24 hours after being given their last dose. The eyes of all the animals, 
none of which showed any clinical signs of scurvy, appeared to be quite normal 
at the end of the experimental periods. I am indebted to Dr S. S. Zilva for 
having kindly placed at my disposal for this work the eyes of animals which 
were being used by him in another investigation. 


Table IV. 



Average 

g- 

_A, 

Beginning 

weight 

Preliminary 
period on 
scorbutic 

Daily 
dose of 
ascorbic 

Number 

Method 

Ascorbic 
acid in 
vitreous 
humour 


End of 

diet 

acid 

of 

of 

rag. per 

rfOUp 

of exp. 

exp. 

days 

mg. 

doses 

administration 

100 ml. 

1 

283 

396 

10 

0-5 

20 ] 


0*5 

2 

270 

365 

6 

150 

U 

■ Per oa 

16*0 

3 

293 

320 

5 

250 

3 ] 


8*0 

4 

265 

298 

5 

8-0 

X 1 


5*0 

5 

275 

290 

5 

50 

1 1 

Intramuscular 

3*0 

6 

263 

279 

5 

8-0 

1 1 

injection 

70 

7 

266 

280 

5 

5*0 

1 J 


4*0 


Table IV shows that in the animals in group 1, which were given a prophy¬ 
lactic dose of 0*5 mg. of ascorbic acid for 20 days after a preliminary period of 
depletion lasting for 10 days, only minimum amounts of ascorbic acid had been 
accumulated in the vitreous humour. The concentration of the vitamin in the 
humour of the second group of animals was about normal at the end of 14 days. 
They had received thirty times the prophylactic dose daily after a much shorter 
period of depletion. The animals of the third group were depleted for 6 days and 
then given 25 mg. of the vitamin on each of the following 3 days. In their case the 
concentration in the humours rose to only half of that of the previous group. 
The remaining animals, which received a single dose by injection on the 6th day, 
were arranged in two pairs of groups so that the second pair were duplicates of 
the first. One group in each pair was given 8 mg. and the other 5 mg. As will 
be seen from Table IV, the concentration in the humour appeared to rise more 
rapidly on injection than after oral administration. These latter results are in 
consonance with those found by Zilva [1936] for other tissues of the same animals. 

The manner in which the concentration of ascorbic acid in the vitreous humour 
of vitamin C-depleted animals varies with the method, size and frequency of ad¬ 
ministration of the dose is strictly comparable with that which has been observed 
to occur in other organs and tissues under the same conditions. 

The loss of indophenol-reducing capacity and characteristic absorption in 
the lens and humours is unlikely to be due to the conversion of the vitamin into 
dehydroascorbic acid for the following reasons. It was seen that the lens 
material, like many other tissues, exercised a marked stabilizing action on 
ascorbic acid in solution, protecting it from oxidation. Further, Goldmann & 
Buschke [1935] state that dehydroascorbic acid is reduced by the lens when it is 
introduced into the aqueous humour. None of the tissues so far exaifiined has 
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been found capable of dehydrogenating ascorbic acid in vitro [Kellie & Zilva, 
1935]. Finally, when dehydroascorbic acid is administered the body was shown 
to reduce it [Johnson & Zilva, 1934]. 

Summary. 

Good agreement was found between the indophenol titration and spectro- 
photometric methods of determining the concentration of ascorbic acid in the 
humours of the eyes of the horse, ox, sheep, pig and guinea-pig. In the case of 
the lenses, however, indophenol titration invariably gave results which were 
higher than those of the spectrographie method. 

In guinea-pigs on scorbutic diets, the indophenol-reducing capacity of the 
humours fell rapidly and was almost nil after 9 daj's. At the end of the same 
period there remained in the lens some indophenol-reducing capacity which 
was shown by the spectrograph not to be due to ascorbic acid. 

The level of concentration of ascorbic acid in the humours of vitamin C- 
depleted animals can be raised by the injection or oral administration of ascorbic 
acid. 

The rates of disappearance of the vitamin from the lens and humours during 
depletion and of its reappearance in the humours on readministration run 
parallel therefore with those of the other tissues of the guinea-pig. 

No cataracts were observed in any of the eyes of the apparently normal 
animals (those which were maintained for short periods on scorbutic diets) whose 
humours and lenses were found to be devoid of vitamin 0, or even as late as the 
premortal stage in groups of guinea-pigs suffering from well declared scurvy. 

The improbability of the presence of dehydroascorbic acid in the lens and 
humours is stressed. 

It is concluded that the deprivation of guinea-pigs of vitamin C has no 
direct bearing on the aetiology of cataract in these animals. 

I am indebted to Dr S. S. Zilva for help and advice and to the Medical 
Research Council for a whole time grant. 
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CCIV. STUDIES ON YEAST GROWN 
IN CYANIDE. II. 


By LIONEL BRADLEY PETTJ 
From, the Biochemical Laboratory, Cambridge. 

(Received 27 June, 1936.) 

In the previous communication [Pett, 1935, 3] the observation was reported 
that yeast could be grown in media containing cyanide. The resulting yeast was 
found to have a high fermentative capacity, and a respiration largely insensitive 
to cyanide. It contained several times the normal content of flavin, in the form 
of flavoprotein. 

The present communication gives a comparison of cyanide-yeast with yeast 
experimentally grown aerobically (like baker’s yeast), and anaerobically (like 
bottom yeast), together with observations on the effect of prolonged subculture 
in cyanide. Tho results show definite differences in the three classes of yeast; 
prolonged subculturing in cyanide resulted in the disappearance of flavin from 
extracts of the yeast, with the appearance of a blue fluorescence. Some of the 
properties of this yeast are given. 

Experimental. 

Medium,. This contained, in g. per litre, KH 2 P0 4 1; MgS0 4 ,7H 2 0 0-5; 
NaCl 1; (NH 4 ) 2 HP0 4 4; marmite 0-5; glucose 20. The pH was adjusted to 5 
before sterilizing and determined after growth, being usually 3-0-3-5. 

Apparatus. 500 ml. of medium were used in a 1 litre Erlenmeyer flask, 
vigorously aerated through a Jena sintered glass device, or by one constructed 
from a Gooch crucible. The air was filtered through ootton wool in an S-shaped 
tube of 1 cm. bore and 50-60 cm. length. The stopper sometimes carried a 
separating funnel for removing samples at intervals. The stopper, complete, was 
wrapped and autoclaved separately, being aseptically inserted after inoculation 
of the flask, in a special room. The first absorption tube contained 40% NaOH, 
the subsequent ones N NaOH. The incoming gas, either air or nitrogen largely 
freed of oxygen by pyrogallol and of CO by a oopper solution, was drawn through 
a gas wash-bottle containing either water or slightly acidified M/750 NaCN 
solution replaced every 12 hours. This procedure maintained the medium at 
ilf/1000 to Jf/1400 NaCN. Concentrations higher or lower can be produced by 
suitable variations of the solution, and frequent changes of the solution permit 
control of the cyanide in the medium within fairly narrow limits. 

Under our conditions suction maintained a steadier flow of gas than pressure 
and was always used. All connexions were made with pressure tubing. The 
whole apparatus stood in an incubator at 26°, and the yeast was grown for 
48 hours unless specified. Erlenmeyer flasks are not ideal for good aeration but 

1 This work «m carried out during the tenure of an Overseas Scholarship from the Royal 
Commission for the Exhibition of 1851. The author is now in the Department of Biooheptfstry, 
University of Alberta, Edmonton, Canada. . * 
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were the most suitable of the standard glassware in possessing a large neck to 
admit the apparatus, and surplus room for frothing. 

Procedures . Cyanide determinations were made at frequent intervals on the 
various solutions of the system using the sodium mercuric chloride titration to 
methyl yellow of Kolthoff & Furman [1929]. 



Inspiration and fermentation were determined in the Warburg micromano- 
metric apparatus and are expressed as Q q and Qco t 0^* g as change in 1 hour for 
1 mg. dry weight of veast). The bath was set at 30°, which is the upper limit of the 
optimum temperature range for growing yeast. The general reproducibility of 
the results at different times, using different lots of yeast etc., was never better 
than 5 %. The yeast was suspended in 0-05 M KH 2 P0 4 . Fresh, neutralized KCN 
solution was used to give an ultimate concentration of 31/ 600. The ultimate 
concentrations of the various substrates used were: glucose 2 %: lactate 1 '66 %: 
alcohol 1'66%. Nitrogen was freed from oxygen by passing over glowing 
copper. Fluted filter-paper (Whatman No. 40) was used in the alkali, and when 
cyanide was used the alkali also contained cyanide [see Van Heyningen, 1935]. 
This precaution is actually not important with yeast at 30° for a short time, since 
repeated parallel experiments without cyanide in the alkali still gave the same 
Q 0 . The pH of the mixture in each vessel was checked after the experiment. 

Flavin was determined in a concentrated beam of light as described by 
Pett [1935, 3]. 

Results. 

Preparation of the yeast* The effect of aeration . 

The yeast was centrifuged and washed 5 or 6 times with distilled w r ater. The 
custom of impoverishing the yeast by vigorous aeration for 4-5 hours in buffer at 
pH 7, followed by additional washings, was sometimes followed. This procedure, 
however, is open to serious criticism. The metabolic capabilities of starved yeast 
are not the same as of the original yeast in several respects, though it has been 
assumed that the only change is a depletion of the glycogen reserves. This leads 
to a low without added substrate and makes various experimental effects 
more striking. The fact is that other changes occur. Of importance to the 
present discussion is the disappearance of flavin during the treatment as shown 
to Table I, taken from Pett [1935, 2]. Even more rapid disappearance is often 
observed. 




1440 


L. B. PETT 


Table I. Changes in flavin content of baker's yeast during aeration in buffer. 

Time in hours 0 4 8 12 24 30 

Flavin y/g. 24 16 12 10 7 0 

Clearly glycogen is not the only constituent affected by aerating the yeast, 
and the subsequent reactions of the yeast may thus not be normal This idea 
receives further support from observations on the respiration of yeast before 
and after aeration. Table II shows typical results of the effect of cyanide on the 
respiration before and after aeration of some commercial baker's yeast and on 
some similar yeast experimentally grown under aerobic conditions. 

Table II. The increased sensitivity to cyanide of the respiration of baker's 
yeast and similar experimentally-groum yeasty after aeration in buffer. 



Baker's 

A 

yeast 

Experimental yeast 


Before 

After 

Before 

After 


aeration 

aeration 

aeration 

aeration 

No substrate 

- 0 

- 2 

-31 

- 4 

- 6 

- 3 

-27 

- 5 

Glucose £ 0 . 

-92 

- 89 

-32 

-25 

-21 

-11 

-19 

- 5 


Before aeration, especially without substrate, when the yeast is using its 
natural reserves, the respiration is less sensitive to cyanide. This is clearer in 
the fresher, experimentally grown yeast. Ogston & Green [1935] have? also 
pointed out the CN-stability of the low natural respiration of yeast. Percentage 
inhibitions are not given because they give various results depending on the 
method of calculation. Methods in the literature could show either 40 or 100 % 
inhibition in Table II. 


Effect of the growing time on respiration , fermentation , glutathione 
and flavin of various yeasts. 

Large flasks were used (see Fig. 1) and samples were aseptically removed from 
the flasks at stated intervals and examined. The results are given in Table III. 


Table III. The effect of the growing time on the respiration, fermentation, glutathione 
and flavin content of yeasts grown aerobically , anaerobically and aerobically 


with cyanide. 


2 days 


3 days 


5 days 



Aerob. 

Anaerob. 

~"CN 

Aerob. 

Anaerob. 

~CN 

Aerob. Anaerob. 

-^ 

CN 

No substrate Q 0 

- 0 

- 5 

- 2 

- 5 

-15 

- 2 

- 2 

-11 

- 2 

Glucose 

Co « 

-44 

- 41 

-10 

-24 

— 

-15 

-13 

-17 

-15 


gS* 

- 3 

- 18 

- 9 

- 0 

- 7 

-11 

- 2 

- 5 

-11 

Lactate 

Go, 

G$* 

-20 

- 22 

- 5 

-37 

- 5 

- 2 

-25 

-14 

— 


-22 

- 2 

- 9 

-14 

- 2 

- 0 

-20 

- 2 

— 

Alcohol 

Go, 

c 

-38 

- 24 

- 7 

-18 

- 8 

- 2 

-47 

- 8 



- 3 

- 2 

- 2 

- 2 

- 1 

- 2 

-22 

- 1 

— 

Glucose 

Goo, 

+25 

+ 120 

+ 70 

+ 18 

+ 35 

+39 

+ 10 

+ 52 

+ 15 


QX 

+47 

+ 148 

+ 78 

+ 37 

+42 

+30 

+24 

+ 58 

+ 10 

Flavin y/g. 


17 

13 

51 

12 

12 

48 

15 

15 

50 

Glutathione 

8H 

— 

_ 


120 

47 

46 

170 

iS 

115 

mg-AOO g. 

Total 

— 

— 

— 

121 

49 

153 

175 

250 
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In glucose the highest respiration and fermentation were found in the yeast 
grown the shortest time (2 days). With lactate or alcohol as substrate no general 
trend was noticed. Similarly the relative flavin concentrations did not change 
significantly, though a change in the glutathione (only twice determined) was 
found. 

The Meyerhof quotient has been calculated but varied in a very irregular 
manner depending on purely fortuitous variations in the figures. Its calculation 
implies in such figures an absolute accuracy and significance which they do not 
possess. 

General properties of cyanide-yeast. 

The medium was always inoculated with 1 ml. of a 2-day culture of S. 
cerevisiae , grown on the same medium. Several different strains have been 
successfully tried, but only one was used throughout the present work. To 
produce cyanide-yeast, HON-laden air was passed through the system previously 
described. Aseptically adding cyanide to the medium was difficult and un¬ 
necessary since the medium took up cyanide from the air in a few hours. Three 
controls were grown simultaneously: (1) aerobic, by passing ordinary air, (2) an¬ 
aerobic, by passing nitrogen, (3) anaerobic-cyanide (called N.C.N.) by passing 
nitrogen through cyanide solution. It is desirable to pass gas through the flasks 
in this way in order to remove C0 2 and to keep the medium in motion, thus 
making a truer comparison with the aerobic and aerobic-cyanide yeasts. The pH 
at the end was never less than 3 0 unless bacterial contamination had occurred. 
Microscopical examination both by staining and on a dark ground was a routine: 
only rarely were bacteria found, in which case the duplicate flask only was used. 

The properties of yeasts cultured in this way may be seen in Tables III and 
IV (1st series). A high content of flavin must be present for typical CN-yeast as 
here discussed, though subculturing in cyanide may produce a flavin-free yeast 
which might also be called a cyanide-yeast. If a high flavin content was not 
found the observed properties were like those of aerobic yeast. The in 
glucose and lactate was about 1/4 that of aerobic yeast and was scarcely 
affected by cyanide. The Q a in alcohol was also small, but might show marked 
CN-sensitivity. The fermentation was usually higher than that of aerobic yeast, 
however determined. Cyanide-yeast has a high aerobic fermentation and this is 
not increased by determination in nitrogen. In other words the usual increase of 
anaerobic fermentation over aerobic (the Pasteur effect or reaction), which is 
observed in the control yeasts, was not found in CN-yeast. 

The Q a of all these yeasts may appear small to those accustomed only to 
commerciaf yeast, but is really quite high for experimentally grown yeast, 
especially on synthetic medium. 

The glutathione content of these yeasts was twice determined but the results 
are only tentative. CN-yeast contained significantly more glutathione than the 
controls, but whereas the controls had it all in the —SH form, the CN-yeast had 
only about 1/3 as —SH. The high proportion of the oxidized form is the more 
remarkable since it has been suggested that oxidation of glutathione in animal 
tissues requires a CN-sensitive iron catalyst, and also since in vitro cyanide 
reduces GSSG. Possibly some other substance was produced and was deter¬ 
mined by the unspecific method used. 

Unfortunately quantitative measurements of cytochrome have not yet been 
possible, owing to the small amount of yeast available and the need for about 
1 g. to make the estimation. The yield from 500 ml, medium has been from 
0*5 to 1-5 g. fresh yeast, which was almost all required for the duplicate deter- 
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urinations of flavin, respiration etc. The question is therefore open whether 
cytochrome still functions in CN-yeast by making use of some CN-insensitive 
enzyme, but it is generally held that cytochrome is exclusively and specifically 
oxidized by a CN-sensitive enzyme. 

The fate of the cyanide is still largely unexplored, but in all cases 1/3 or 
more of the amount introduced disappears from the flask containing yeast, 
though this does not represent more than perhaps 50 mg. NaCN. Evidence of 
disappearance of cyanide in Warburg vessels has also been observed, often with 
increased 0 2 uptake over controls. This suggests production of cyanates. It is 
possible that other reactions take place, such as formation of cyanohydrins. In 
this case further reaction must take place since no increased glycerol production 
was found, as would be expected from the familiar “trapping methods” used in 
yeast fermentation studies. 

The effect of subculturing in cyanide. 

Marked changes have been found as a result of this treatment. A series of 
4 flasks, in which yeast was to be grown aerobically, anaerobically, anaerobically 
’with cyanide and aerobically with cyanide, called the 1st cyanide series, was 
inoculated from the 2-day cyanide flask of an ordinary series. After 2 days' 
growth a new series, called the 2nd cyanide series, was inoculated from the 
CN-yeast of the 1st series. The 1st series was then centrifuged, washed and 
examined as usual. After 2 days a 3rd cyanide series was inoculated with the 
CN-yeast of the 2nd, etc. 

The questions involved are whether yeast once grown as CN-yeast reverts 
on subsequent culturing aerobically or anaerobically, and whether culturing in 

Table IV. Effect of subculturing on certain properties of yeasts inoculated with 
cyanide-yeast, then grown aerobically , anaerobically , anaerobically with cyanide 
and again aerobically with cyanide. 

The 1st series was inoculated from the cyanide-yeast of an ordinary series, the 2nd series from 
the CN-yeast of the 1st, the 3rd series from the 2nd, etc. 
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— 

— 
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-24 

-21 

-23 

— 
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-33 
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-16 
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+isl 
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cyanide would cause changes. The results of some of these series are shown in 
Table IV. The intervening series (not shown) carry out the indicated trends in a 
regular manner. 

Several things are to be noticed in Table IV. The flavin, which was high 
in the inoculum, was slightly lower in the aerobic, anaerobic and N.C.N.-yeasts, 
but still high in the CN-yeast. This suggests a disturbed mechanism not yet 
returned to normal. At about the 5th series the flavin was decreasing, and the 
same alcohol extract began to show a blue fluorescence. Estimation of the flavin 
green was made througha blue filter. The flavin had disappeared fromall yeasts by 
the 10th series, and a strong blue fluorescence was found. In view of the apparent 
ability of some bacteria to transform flavin into a blue-fluorescing substance 
[Pett, 1935,1, 3] it seemed possible that contamination had occurred. Owing to 
the complicated handling involved this might easily have happened, but careful 
microscopic examination of every flask revealed no bacteria, until the 23rd 
series (not shown). 

The Pasteur effect continued to be absent from CN-yeast but reappeared 
immediately (1st series) in weakened form in the aerobic yeast, but not in the 
anaerobic, which shows only a slight effect in ordinary conditions. Fermentation 
in nitrogen was less than in air (3rd and 5th series). 

In all cases respiration without substrate was not greatly inhibited by 
Jf '600 cyanide and in most cases was not increased with substrate. Addition of 
cyanide with substrate was sometimes inhibitory, though the opposite, namely a 
protective substrate action, is usually expected in enzyme systems. Probably 
other effects of cyanide are concerned than direct enzyme poisoning. From the 
8th series definite activation bv cyanide of the respiration in glucose was always 
observed, with aerobic and CN-yeasts; occasional activation in lactate was also 
found. 

Nothing can yet be said on the nature and significance of the blue-fluorescing 
substance, except that it can be oxidized and reduced, but work is proceeding on 
this point. 

Specific disccssion. 

These results are interesting for several reasons. Strangely enough no clear 
study of the effects of cyanide on growing yeast has been found in the literature. 
Neuberg & Perlman [1925] came close to such a study, Patterson [1931] in¬ 
vestigated cyanide effects on different yeast preparations, and Meissel [1933] is 
referred to as having studied the toxic action of cyanide salts on yeast develop¬ 
ment, chiefly using heavy metal salts, however. Thus the present w'ork opens 
up a new field for investigation, both with yeast and other organisms. 

Points of special interest are (1) the increase in flavin in CN-yeast, (2) the 
relative insensitivity to CN of the respiration in CN-yeast, (3) the abolition of 
the Pasteur effect and (4) the development of a new type of yeast with perhaps a 
new respiratory pigment. In any case it is clear that cyanide-yeast represents a 
type distinct from either aerobic (baker's) or anaerobic (bottom) yeast. 

The suggestion [Pett, 1935, 3] that the respiration of CN-yeast might be 
carried on by the increased flavin has been criticized by Torres [1935] on the 
basis of Warburg’s “ Wechselzahl” calculations. The fact remains that CN-yeast 
has 2 to 0 times more flavin than ordinary yeast and a respiration largely in¬ 
sensitive to cyanide. 

Krah [1930] and Eichholtz [1930] had suggested that the Pasteur effect is 
connected with the poisoning of a ferro-catalyst so it was interesting to find that 
the effect has disappeared from CN-yeast. Since it reappears, even weakly, on 
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seeding into medium followed by aerobic growth, it must be concluded that the 
mechanism was not destroyed. It would be interesting to see the effect of growing 
yeast in ethyl carbylamine which Warburg [1926] showed to inhibit the Pasteur 
effect without affecting respiration or fermentation. More dilute cyanide con¬ 
centrations might accomplish the same thing, as preliminary experiments have 
indicated. 

More work is necessary on the effect of prolonged subculturing in cyanide 
before the significance of the observations is clear, but the indication is that 
some profound disturbance of the yeast has been effected and may result in a 
distinct type. 

General discussion. 

The researches of Warburg have led to the conception of cyanide as a poison 
of an iron-containing haem-like enzyme which is essential for the transfer of 
oxygen in all cells. The early work even referred to “das Atmungsferment” as 
though only one enzyme was responsible, though this idea has been relaxed. 

It has been generally insisted that a cell’s respiration must be largely 
inhibited by cyanide. Other results have appeared from time to time. Dixon & 
Elliott [1929] pointed out that while veast respiration in general is inhibited by 
CN to an extent of 80 or 90 %, sometimes this did not result, and the respirations 
of various animal tissues were by no means totally, or even largely, inhibited by 
cyanide. Again Rosenthal [1931], Banga et al. [1931] and Shoup & Boykin [1931] 
found various cells and tissues partly or largely insensitive to cyanide. Of special 
interest here is the work of Elvehjem [1931] on cultured yeast. The studies of 
Frei et al. [1934] and of Yamagutchi [1934] have made it clear that the respiration 
of many, if not most, bacterial species is not very sensitive to cyanide, whether 
they contain cytochrome and its oxidase or not. Other possible effects of cyanide 
were, as usual, not studied. Occasional observations of activation by cyanide 
have been made. Thus Reynolds [1924] showed an increase in growth of 
Fumrium\ Hanes & Barker [1931] observed an increase in the respiration of 
potato tubers; Tomkins [1932] observed an ultimate increased growth of moulds 
due to cyanide; and the respiration of algae [Watanabe, 1932] and of mammalian 
tissues [Kisch, 1933] has been increased by cyanide. Recently Lindahl & 
Orstrom [1936] reported an activation of top yeast respiration, which has always 
been the best subject on which to show inhibition. As to other effects of cyanide 
on cells few results have been reported. Resnichenko [1928] pointed out the 
importance of pH and permeability in cyanide effects, and Brinley [1928] 
suggested that one effect of cyanide may be to alter cell membranes and proto¬ 
plasmic viscosity. 

The present results, in which yeast has been actually grown in media con¬ 
taining cyanide, thereby effecting changes in the yeast, coupled with the above 
observations of others, make it imperative that the effects of cyanide on cells be 
considered from a broader view than heretofore. Especially must be revised the 
narrow view that respiration is invariably CN-sensitive and that this sensitivity 
is a result of specific action on certain enzyme systems, remote from all other 
possible effects. The importance of different effects from different cyanide con¬ 
centrations must be recognized—indicating different actions, and above all the 
possibility of effects on permeability and metabolic processes which may or may 
not be reflected in the respiration, because the action is not solely, if at all, on 
the respiratory enzyme systems. 
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Summary. 

The observation that yeast can be grown in cyanide has been extended. 
Controls aerated by pure air (like baker’s yeast), by nitrogen (corresponding to 
bottom yeast), and by nitrogen plus cyanide have been studied simultaneously. 
The respiration, fermentation, etc., of the different yeasts have been determined, 
and cyanide-yeast is shown to be a distinct type. 

Cyanide-yeast showed the following properties, among others: 

1. The flavin, present as flavoprotein, was consistently 2 to 6 times higher 
than in controls. 

2. The respiration with or without substrate was largely insensitive to 
Jf/800 cyanide. 

3. The aerobic fermentation was higher than the fermentation of aerobic 
yeast whether determined aerobically or in nitrogen. 

4. The Pasteur effect was not demonstrable—the anaerobic fermentation was 
no higher than the aerobic. 

The effect of prolonged subculturing in cyanide indicates the possibility 
of developing a new tyjx* of yeast, containing no flavin but rather a blue- 
fluorescing pigment. 

In the general discussion it is pointed out that the effects of cyanide on 
(tells must now be considered from a broader view, recognizing that cyanide docs 
not always inhibit, and that several effects probably exist. 

The author is grateful to Sir F. G. Hopkins, for his interest and encourage¬ 
ment; and to several, especially I)r M. Dixon, for helpful discussions. 
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Ascobbic acid and glutathione are the most conspicuous and, so far as is at 
present known, the most active reducing substances in living tissues. In spite 
of the fact that their fundamental constitutions and physiological functions are 
so different they have certain qualities in common. Both agree for instance in 
the circumstance that though their reduced and oxidized forms may co-exist in 
a tissue, they form redox systems which are not thermodynamically but only 
chemically reversible. Though in a given case the function of either may be 
specific, as is that of glutathione in the glyoxalase system, other systems are 
known in which one can replace the other, probably because in such cases re¬ 
ducing power alone determines their influence. Doubtless other more specific 
kinetic functions may be revealed in the future. Meanwhile the question arises 
whether, as reducing substances with different redox potentials, they can exert 
combined activities, or display interrelations of importance. This paper deals 
with their mutual relations as displayed in particular circumstances. 

I. The system hexoxidase-asoobbic acid-glutathione jy vitro. 

Szent-Gyorgyi [1931] described a plant enzyme which oxidizes ascorbic 
(hexuronic) acid reversibly. He called it “hexoxidase” and though the name 
of its substrate has been changed it will be convenient, in this paper at least, to 
retain for the enzyme its original designation. Szent-Gyorgyi had already shown 
[1928] that ascorbic (hexuronic) acid was oxidized by metal catalysis but catalysis 
by the enzyme is much more efficient. In commenting on the specificity of the 
latter he remarked “also glutathione remains unoxidized in the presence of 
hexoxidase. If, however, hexuronic acid is present the glutathione is oxidized; 
the hexuronic acid plays the role of catalyst; it is oxidized by the enzyme and 
reduced by glutathione”. Szent-Gyorgyi was therefore at that time conversant 
with the essential relations which hold in the system now to be described; but 
his studies went no further than what is expressed in the above qualitative 
statement. Meanwhile Mawson [1935] has studied the effect of tissue extracts in 
protecting ascorbic from oxidation and found that part, though by no means all, 
of their influence is due to their content of glutathione (GSH), a conclusion to 
which de Caro & Giani [1934] had also come. Kellie & Zilva [1934] showed that 
tissue extracts inhibit oxidation by copper. Bersin et aL [1935] have also shown 
that the autoxidation of ascorbic acid in vitro is inhibited by (in their experi¬ 
ments relatively large amounts of) GSH. 

A closer and quantitative study of the system ascorbic acid-glutathione- 
enzyme has shown that it is one of much interest because of the definite manner 
in which it allows mutual relations to be displayed. o' 
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Methods. 

Szent-Gyorgyi obtained the enzyme from the expressed juice of cabbage 
leaves. This source we have also used, but we have found the juice from the 
florets of the cauliflower and the central white stalks which carry them especially 
convenient, owing to its freedom from chlorophyll and to the much smaller 
amounts of soluble substances contained in it. The enzyme seems to be present 
in high concentration in all varieties of Brarnica, and is certainly widely dis¬ 
tributed in other species. To determine its distribution more exactly would be of 
interest. Zilva [1934] decided, doubtless rightly, that the rapid disappearance 
of ascorbic acid from apples was probably due to this enzyme. Tauber et al. 
[1935] prepared and studied an enzyme from Curcubita maxima which oxidizes 
ascorbic acid but which, though it would seem on insufficient grounds, they 
decided was different from Szent * Gy orgyi’ s hexoxidase. 

Szent-Gyorgyi concentrated his enzyme preparation by precipitation with 
ammonium sulphate, and this method we have occasionally followed. In the 
majority of Our experiments however we have used the expressed juice itself. If 
this contains oxidizing agents other than the hexoxidase they certainly do not 
exercise any influence on the system as studied. It was usually prepared from 
cauliflowers in bloom, being expressed from the plant tissues by the use of a 
screw press with a linen filter, and afterwards centrifuged. It is then clear, 
nearly colourless and contains a concentration of the enzyme which, though 
always high, varies somewhat with the source. It is always higher in the fresher 
home-grown plants than in those imported. In the present research it has not 
seemed necessary to standardize the strength of enzyme preparations used. In 
every case where the purpose of an experiment has made equality of concen¬ 
trations necessary the same preparation has of course been used. In order that 
the relations to be discussed should be clearly shown it is necessary, as will 
immediately be understood, that the juice or enzyme preparation employed 
should be entirely free from ascorbic acid. 48 hours’ dialysis in a cellophane 
dialysing tube with running water secures this freedom. 

To follow the progress of concentration changes in the system when aerobic 
conditions were required solutions of the reactants were uniformly shaken in a 
series of open Erlenmeyer flasks, the contents of each flask being at first identical. 
At suitable intervals one of the flasks was removed, further change being im¬ 
mediately stopped by the addition of trichloroacetic acid, and the contents were 
titrated. The concentrations of ascorbic acid and glutathione (GSH) present at 
each stage of the experiment were determined by titrating half of the solution 
with Nf 100 iodine in the presence of potassium iodide and the other half 
with Tillman’s reagent, using a micro-method [Birch et al ., 1933; Hopkins 
et al. , 1935]. The iodine value of the ascorbic acid so estimated was calculated 
and deducted from the total iodine figure to give the figure for glutathione. 
When these two substances are in solution alone, unassociated with other 
reducing substances, much experience has shown that this method gives results 
which are completely accurate. 

Experimental results. 

To save space all the results obtained are displayed in the figures without 
numerical tables to correspond. For convenience the concentrations of the 
ascorbic acid and glutathione are given in terms of ml. of Nj 100 iodine. This 
makes easier their presentation together in a single figure. It may be useful to 
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recall that to reduce a molecule of iodine two molecules of glutathione are 
required, but only one of ascorbic acid, and that 1 ml. of JV/100 iodine corre¬ 
sponds to 3*07 mg. of the former and 0*88 mg. of the latter. 

The oxidation of ascorbic acid itself as catalysed by the enzyme may be first 
illustrated. Fig. 1 shows the characteristic linear course of the reaction; its 
velocity being proportional to the enzyme concentration. Fig. 2 shows the 
marked effect of pH upon the velocity. It is much greater at pH 6*0 than at 7*4, 
the former being near to the pH of the expressed juice. 



Fig. 1. Shows the course of oxidation of ascorbic acid (8 mg.) at pH 6*0 and 18 J with 1, 2 and 
4 ml. of the same enzyme preparation. The velocity is seen to be closely proportional to the 
enzyme concentration. 

Fig. 2. Shows effect of pH on the velocity of oxidation by the enzyme in high and lower con¬ 
centrations. Temp. 20°. 


Fig. 3, which presents at a glance the relations which are always displayed 
in the system studied, has almost the appearance of a diagram, but is actually 
constructed from experimental data plotted in the ordinary way. In the experi¬ 
ments yielding the results which this figure summarizes the enzyme preparation 
was thoroughly dialysed juice and was identical and at the same concentration 
in each of the three experiments involved. They were carried out at pH 7*4, and 
the time scale extended in order that the relations should be clearly shown. The 
ascorbic acid and glutathione were present throughout in the proportion of 
approximately 1 mol. of the former to 2 of the latter. (If exactly in these 
proportions the resulting oxidation curves would overlap.) 

The sloping dotted line shows the course of oxidation of ascorbic acid when 
alone with the enzyme. The horizontal continuous line shows the behaviour of 
glutathione when alone with the enzyme; it was unaffected. When however both 
substances were present together the ascorbic add was wholly protected from 
oxidation (horizontal dotted line) whilst the glutathione was oxidized at exactly 
the same rate as was ascorbic acid when alone (sloping continuous line). It wil 
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be seen that when the glutathione was very nearly all oxidized, but only then, 
the oxidation of ascorbic acid promptly began. The completely linear course of 
both the direct oxidation of ascorbic acid and the indirect oxidation of gluta¬ 
thione is noteworthy, and also the circumstance that the courses are exactly 
parallel. These relations are always reproducible in the system, remaining 
essentially the same when the relative concentrations of the reactants are varied 
widely. Fig. 4 for instance shows the results of two ex))eriihents in which the 
enzyme concentration was higher than in those of Fig. 3 (the time scale being 



Fig. 3. Shows the influence of the oxidase in identical concentrations on ascorbic acid (broken 
lines) and glutathione (continuous lines), when alone and when together. In each case 1 ml. 
of dialysed juice in 10 ml. of solution buffered at pK 7*4. Temp. 18". For discussion see 
text. 

Fig. 4. Course of oxidations with both components initially present together. In case .4 the 
concentration of ascorbic acid was approximately twice that in B; that of GSH the same in 
each case. pH 7*4. Temp. 18~. 

therefore shortened in the figure). In case A the concentration of ascorbic acid 
was twice that in case B, whilst the concentration of glutathione was the same. 
In each case it will be seen that the protection of the former lasted till the latter 
was nearly all oxidized. 

The relations thus brought to light by the use of iodine titrations were 
further illustrated by measurements of oxygen uptake in the Barcroft differential 
manometer, the various adjustments in the instrument being made as usual. 

93—2 
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Fig. 5 shows results which are typical of several obtained. A solution containing 
2*64 mg. of ascorbic acid and 9-9 mg. of GSH (1 : 2 mol. approx.) buffered with 
phosphate to pH.6, was placed in a flask of the manometer; the total volume 
being 3 ml. In a Keilin cup 0-33 ml. of undialysed juice expressed from cauli¬ 
flowers was placed, and this was tipped into the solution only after the apparatus 
was equilibrated in the bath (temp. 18°). Side by side with this a second mano¬ 
meter was shaken, containing, in precisely similar circumstances, 2*64 mg. of 
ascorbic acid alone. The juice was an active one and the pH near the optimum for 
the enzyme. The oxygen uptake was therefore rapid. It will be seen that its course 
was, as always, strictly linear, and its earlier stage, when the glutathione was 
alone being oxidized, continuous with the later stage of ascorbic acid oxidation. 
It will be also seen that the linear uptake ceased when the theoretical require¬ 
ment for the oxidation of both constituents was only slightly exceeded. The 
oxidation rate of the ascorbic acid, when alone, corresponded so exactly with 
that of the two components together that the curves completely overlapped. 




Fig. 5, Oxygen uptake of ascorbic acid and glutathione together in solution with the oxidase. 
The lower horizontal line shows the theoretical uptake for the GSH present and the upper 
that for both components together. The course of uptake for the ascorbic acid alone in identical 
conditions was separately determined and two points from the linear course are shown as 
squares. The velocity was exactly the same as in the case of the mixture. 

Fig. 6. Inhibition of the enzyme by cyanide. The right-hand chart shows the effect in the case of 
the juice; inhibition was complete at if/1000 KCN. In the case of an enzyme preparation 
obtained by precipitation with (NH) 4 S0 4 if/2000 was equally effective; left-hand chart. 


Before discussing these results further a few words may be devoted to the 
nature of the enzyme. Szent-Gyorgyi found that it was relatively insensitive to 
cyanide inhibition, and on this circumstance, together with the fact that the 
rate of oxidation of ascorbic acid under its influence varied so slightly with 
varying concentrations of the substrate, he based the opinion that the mechanism 
of its action must be different from that of all other oxidases. We haw not been 
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able to confirm the insensitivity to cyanide; M /1000 KCN we have found to inhibit 
oxidation by the juice completely (Fig. 6). In the case of an enzyme preparation 
obtained by precipitation with ammonium sulphate inhibition was complete at 
M12000. The linear rate of oxidation, showing no loss of velocity with the fall 
in substrate concentration is not out of harmony with the Michaelis-Menten 
theory. In the case of the hexoxidase, however, it is somewhat remarkable that 
the velocity remains constant until the substrate is so nearly oxidized. Its 
kinetics would doubtless repay a thorough study. On the basis of the theory the 
Michaelis constant of the enzyme must be very small, and it is perhaps necessary 
to assume that it activates both the reduced and oxidized molecules of ascorbic 
acid. With regard to the nature of the oxidation suffered by the ascorbic acid 
molecule, although it has been suggested that this involves only the removal of 
two hydrogen atoms from the carbons which in the original molecule arc united 
by a double bond, the classical work of the Birmingham School makes it almost 
certain that it involves rather the addition of two hydroxyl groups to those 
carbon atoms [Herbert et al . 1933]. The distinction however is perhaps unim¬ 
portant as the adjacent carbonyl groups left by the removal of the two hydrogens 
would in any case almost certainly suffer hydration. The enzyme is quite un¬ 
affected by phenvlurethane as we have found and, as Szent-Gvorgyi found, it 
does not accelerate the reduction of methylene blue by ascorbic acid. This and 
its cyanide-sensitiveness bring it under the accepted definition of an oxidase. 
Among oxidases it seems to be highly specialized in its activity, as Szent-Gyorgyi. 
and, since, Tauber et al. [1935] have found. 

We have seen that the outstanding feature of the system formed when ascorbic 
acid and glutathione are together under the influence of hexoxidase is the 
complete protection from oxidation of the specific substrate and the indirect 
oxidation of the constituent which when alone is unaffected by the enzyme. 
There can be no doubt that this follows from the circumstance that hydrogen is 
.transferred from two molecules of glutathione to each activated molecule of 
ascorbic acid, maintaining it thus in its reduced form. In explanation of the 
steady maintenance displayed so long as even very small amounts of gluta¬ 
thione remain in the system, it would seem that the oxidation of ascorbic acid 
should prove to be a slower process than its reduction. We have endeavoured to 
test this point experimentally. 

As others have found, the product of the reversible oxidation of ascorbic 
acid is remarkably unstable and difficult to isolate. On the other hand solutions 
prepared by oxidation with iodine for instance, which was first used by Szent- 
Gyorgyi himself, have the disadvantage that when their pH is adjusted a 
relatively large amount of iodide must be present, making such solutions un¬ 
satisfactory for enzyme studies. To follow the rate of reduction by glutathione 
we proceeded therefore as follows. 

Oxidation by the enzyme was first carried out by placing equal amounts of 
ascorbic acid in buffered solution at known pH, in each of a series of Thunbcrg 
tubes provided with stoppers carrying a bulb turned downwards. An equal 
amount of enzyme was measured into each of the tubes, and all, at this stage left 
open to the air, were uniformly shaken by a motor. The course of oxidation was 
followed as usual by removing individual tubes at intervals and determining 
therein the remaining concentration of reduced ascorbic acid. When reversible 
oxidation was just completed {vide infra) a known amount of glutathione in 
neutralized solution was measured into the bulbs and the tubes stoppered. All 
were fully evacuated and the glutathione then mixed with the main solution. 
The tubes were returned to the shaker and the increasing concentration of 
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reduced ascorbic acid followed by successive estimations. An advantage of this 
method of experiment is that each sample remains in the same vessel during the 
processes and the enzyme present is the same throughout. With regard to the 
preliminary oxidation it is important to realize that though the enzyme first 
oxidizes the ascorbic acid reversibly, if its action is allowed to continue long 
enough irreversible oxidation may follow. Fortunately however in solutions 
somewhat on the acid side of neutrality, e.g. at pH 6, the former process is 
completed before the latter begins. Moreover, since oxidation follows a linear 
course so exactly, it is easy after two successive estimations have been made in 
the series to follow the slope thus established down to the base line and thus 
learn the moment when the reversible oxidation will be complete but not ex¬ 
ceeded. The information is thus given with remarkable accuracy. In the experi¬ 
ments under description the tubes were therefore removed for the reduction 
process just before the time so indicated, and the amount of reduced ascorbic 
acid ultimately restored in the reversal process was found to correspond, often 
exactly, with the amount present before the process of oxidation began. 

The results of a typical experiment of the above sort are demonstrated in 
Fig. 7, in which it should be noted the time scale is in minutes, not hours. In 



Fig. 7. Enzymic oxidation of ascorbic acid followed by reduction. The latter was induced by 
adding GSH to the system at the moment when reversible oxidation was complete. The 
right-hand line shows the rate of reduction in anaerobic conditions. It was five times as great 
as the rate of oxidation. In this experiment undialysed juice was used for catalysis (see 
text). 


this experiment the reactants were employed in the proportion of approximately 
1 mol. of ascorbic acid to 4 mol. of glutathione. When aeration began 7*8 mg. of 
ascorbic acid were present in each tube and when the oxidation was completed 
60 mg. of glutathione were added for the reduction process. The solutions were 
buffered with phosphate buffer at pH 6, the total volume being in each flask 10ml. 
during the oxidation and 12 ml. during reduction. The enzyme was that con¬ 
tained in 1 ml. of undialysed fresh juice. Temperature 21°. ' 
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In the figure the left-hand line shows the course of the preliminary oxidation 
of the ascorbic acid when alone, and that farthest to the right shows the (equally 
linear) course of the anaerobic reduction in the presence of the glutathione. It 
will be seen that the former occupied 58 min. and the latter (the original con¬ 
centration of reduced ascorbic acid being exactly restored) 12 min., the velocity 
of the reduction at pH 6 being thus nearly five times that of the oxidation. 
The middle line of Fig. 7 shows merely the slower reduction which occurred when 
tubes containing the enzyme-oxidized ascorbic acid and the added glutathione 
stood open to the air without shaking. 

These results were obtained, as stated, at pH 6 and have been frequently 
repeated. It was found difficult to reproduce them satisfactorily at 7-4, for 
some at least of the irreversible product then appears early in the course of 
oxidation. That, in the absence of the enzyme, slow irreversible oxidation by 
molecular oxygen occurs at pH 7-4 and upwards is well known [Barron et ah 
193fi]. 

A variation in experiments of the kind last described may be looked upon as 
supplementing those illustrated in Figs. 3 and 4. The ascorbic acid was first 
oxidized by the enzyme as before, but the subsequent, reduction by GSH, 
instead of being anaerobic, was allowed to proceed while shaking the solution in 
open flasks was continued. The results of one such experiment may be briefly 
reported. 

In this the concentration of the enzyme was made relatively high (2 ml. of 
active juice in 10 ml. of buffered solution at pH 6). At the beginning of the ex- 
]>eriment 7*85 mg. of ascorbic acid were present. The reversible oxidation of this 
took 18min. for completion. Neutralized GSH in excess (120 mg. in 2 ml. water) 
was then added, and aeration continued for exactly 18 min. to correspond with 
the oxidation period; further change was then stopped by the addition of tri¬ 
chloroacetic acid. The oxidation of ascorbic acid during the second period was 
balanced by reduction and at the end it was fully reduced. Of glutathione 57*3 mg. 
were found to have been oxidized, while for the reduction of 15*7 (=7*85x2) mg. 
of ascorbic acid 54*7 mg. are required. As the glutathione preparation may have 
been to some slight degree autoxidizable, the correspondence is satisfactory. In 
this case as in experiments of Figs. 3 and 4 the rate of reduction of ascorbic acid, 
and therefore that of the oxidation of GSH, was of course controlled by the 
slower reaction of the oxidation of the former. 

In the above experiments relatively high concentrations of GSH were 
employed. With lower concentrations in the same experimental conditions the 
velocity of reduction becomes less but is always much higher than the oxidation 
rate. When the concentration is made very low only the initial velocity can be 
determined as the GSH is of course soon all oxidized. 

One important comment remains to be made on the reduction process as it 
occurs in the system studied. The experiments just described were carried out 
with fresh juice undialysed. In an experiment carried out with an enzyme 
preparation made by precipitating the fresh juice with ammonium sulphate 
reduction also proceeded normally under its influence. On the other hand, an 
unexplained effect of dialysing the juice itself calls for discussion. In no other 
type of experiment have we found any difference between the activities of dialysed 
and undialysed juice. It should be recalled that in those of Figs. 3 and 4, which 
first revealed the essential relations in the system, dialysed juice was used. 
These, of course, were aerobic throughout; and it would seem sure that the 
reduction by GSH which in such conditions maintains the ascorbic acid in the 
reduced form must be a relatively rapid process. Yet in experiments of the kind 
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last described, in which the oxidation and reduction of ascorbic acid were made 
separate and successive processes, undialysed and dialysed juices are found to 
behave differently, though the experiments were carried out on identical lines 
in each case. Under the influence of the fresh juice the reduction, as we have 
seen, proceeds rapidly in linear fashion to completion; with the dialysed this is 
not the case. With the latter the reduction is found to have a high initial velocity 
but to fall off quickly, ultimately becoming linear at a rate which, instead of 
being much greater, is less than the rate of oxidation as observed in the first 
phase of the experiment. This effect of dialysis is not accidental; it has been 
obtained with juices from different sources all of which induced the rapid 
reduction when undialysed. It is noteworthy that the curves obtained after 
dialysis, like those obtained with the fresh juice, were closely similar in all cases 
though so different from the latter. It should be noted too that the velocity 
with which any particular specimen of juice oxidizes the ascorbic acid is entirely 
unaffected by dialysis; the result is therefore certainly not due simply to a 
falling off in the concentration of the enzyme. The change, moreover, does not 
occur if a preparation is allowed to stand untreated for as long or longer than 
the time taken for dialysis. If the removal of a co-enzyme or any equivalent 
factor were involved, the facts would be of interest as suggesting a difference in 
the activating mechanisms for oxidation and reduction respectively. We have 
not been able, however, to re-establish the original activity by adding the 
dialysate to the dialysed juice. There is again no factor in the undialysed juice 
which activates glutathione in the sense of increasing its power to reduce 
methylene blue. At present we have found no explanation for this unexpected 
effect of dialysis. To discover some method for preparing the oxidase in a form 
as pure as possible must be the first step towards such an explanation. 

It may be noted here that the reduction of ascorbic acid by GSH when 
uncatalysed is a slow process. One experiment in illustration of this may receive 
mention. Ascorbic acid was oxidized by quantitative treatment with A r lO 
iodine in potassium iodide and the iodine then removed as lead iodide. The 
slight excess of lead was removed by adding potassium sulphate and the solution 
finally adjusted to pH 6. Using this solution the reduction by GSH alone was 
then followed by the same method as that used in previous experiments (e.g. 
in that yielding the results summarized in Fig. 7). It was found that in 90 min. 
only 3*5 mg. of ascorbic acid were reduced whereas in a control experiment, 
exactly similar, except for the presence of a low concentration of enzyme in the 
solution, the above amount was reduced in 8 min., and 6*1 mg. in 15 min. 

II. The behaviour of ascorbic acid and glutathione in 

CATALYSIS BY COPPER. 

Before discussing this it may be recalled that Barron et ah [1936] in a careful 
study of ascorbic acid oxidations showed that it is not autoxidizable at any pH 
below 7-6, whereas at pH 5-15 for instance its oxidation is actively catalysed by 
minute amounts of copper. As is well known Meldrum & Dixon [1930] found 
that pure glutathione is not autoxidizable and is only oxidized by metals when 
they are in association with an organic factor. They found this to be true of 
copper as well as of iron. Voegtlin et al. [1931] claim on the other hand that, 
unlike iron, copper itself is a powerful catalyst at any pH which is physiological. 
Our own experience agrees with that of the former authors though we have 
found it somewhat more difficult at, say, pH 7*4 to obtain preparations quite 
as stable to copper as to iron. At pH 6 the same preparations^ may be 
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stable. In any case the addition of a minute amount of material from a sample 
of glutathione which has undergone slight decomposition greatly increases the 
activity of the copper [cf. Meldrum & Dixon, 1930]. 

In Fig. 8 are summarized the results of an experiment showing the effect of 
copper upon the oxidation of glutathione and ascorbic acid when separate and 
when together in solution at pH 7*4. The technique of shaking, etc., was the same 
as in the enzyme experiments. The same concentration of the metal was present 
in each of the three observations involved. It was added as cupric chloride 
equivalent to 0-018 mg. of Cu in the 10 ml. of solution employed. The ascorbic 
acid (4-2 mg.) when alone was rapidly oxidized (lowest line) and the GSH alone 
(28 mg.) much more slowly (upjier continuous line). When both were in solution 
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Fig. K. Behaviour of ascorbic acid and GSH, when alone or together, during catalysis by copper. 
The lower sloping line shows the initial velocity ot ascorbic acid when alone, the horizontal 
line show's its complete protection in the presence of GSH. The upper lines show' the course 
of GSH oxidation with and without the presence of ascorbic acid. pH in each case 7-4. 
Gu 0*018 mg. in 10 ml. of solution buffered with phosphate. 

the ascorbic acid was wholly protected from oxidation (horizontal broken line) 
its presence however having no effect upon the rate of oxidation of the GSH 
(upper broken line). This experiment was done with a sample of glutathione 
which, though stable in the absence of copper, had not been stabilized by 
Meldrum & Dixon’s method. After it had been treated in solution with a large 
proportion of muscle powder on the lines described by these authors the experi¬ 
ment just described was repeated. The results however were so alike that the 
curves could be almost superimposed. 

Fig. 9 refers to an experiment done on precisely similar lines but at pH 6. 
At this pH the sample of glutathione employed was stable. The total iodine used 
in titration remained constant throughout, neither constituent being oxidized 
(horizontal line). Such a system is inert; one which, as other experiments have 
shown, takes up jfto oxygen at all when shaken in a Barcroft manometer. 

Clearly, the protection of ascorbic acid by glutathione when the catalyst is 
a metal must depend upon relations differing entirely from those which secure 
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protection in catalysis by the enzyme. Here there is no question of hydrogen 
transfer. When the glutathione itself is oxidized in the system the presence of 
ascorbic acid has no effect upon the velocity of its oxidation (Fig. 10). When, as 
at pH 6, the glutathione is not oxidized the system as just seen is inert. The 
protection must be due to the fact that the presence of GSH inhibits the in¬ 
fluence of the metal on ascorbic acid—a more common type of catalysis inhibition. 
It must be supposed that although, unlike ascorbic acid, it is itself not oxidized 
by copper in the absence of an associated organic factor, the thiol form of 



Fig. 9. Fig. 10. 

Fig. 9. Shows results of an experiment Bimilar in all respects to that of Fig. 8 but carried out at 
pH 6. At this pH the GSH was stable and the system with ascorbic acid and enzyme was 
wholly inert. 

Fig. 10. Course of oxidation of GSH (continuous line) and ascorbic acid (dotted lino) during the 
aeration of liver tissue from well-fed rabbits. 

glutathione (GSH) has a higher affinity for the metal than has ascorbic acid, 
and prevents effective contact between it and the latter. As might be expected 
our experiments have shown that the reduction of ascorbic acid by GSH is not 
catalysed by copper. 

III. Some relations in hepatic tissue. 

Before dealing with certain oxidation relations between ascorbic acid and 
glutathione in liver tissue brief reference may be allowed to experiments made 
six years ago [Hopkins & Elliott, 1931]. These showed that when liver pulp, 
suspended in mammalian Ringer solution, is aerated by shaking, the course of 
the oxidation of GSH exhibits characteristically a preliminary period during 
which reducing processes continue, maintaining or even increasing in fully 
aerobic conditions the concentration of the GSH. These experiments were made 
before the importance of ascorbic acid as a reductant was recognized a^nd iodine 
titration was relied upon for the results obtained. Since then these etfjperiments 
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have been many times repeated, the iodine value of the ascorbic acid present 
being deducted from the total iodine and the glutathione values obtained by 
difference plotted as before. The resulting curves display precisely the same form 
as those published in the paper just quoted. 

In other experiments liver slices have been used yielding curves exactly 
similar in kind. As bearing on the accuracy of such determinations we have 
found that if hexoxidase be added to a protein-free aqueous extract of the liver 
or of most other animal tissues it very rapidly reduces the iodine titration figure 
of the extract to zero. Having regard to the specificity of the action of the 
enzyme this seems strong evidence, in favour of the claim that only ascorbic 
acid and glutathione are titrated. 

Some two years ago we made a number of experiments in which the oxidation 
rates of glutathione and ascorbic acid in aerated liver tissue were recorded 
simultaneously. The livers of rabbits in different nutritional conditions were 
employed. There is at present no evidence that animal tissues contain any 
enzymic catalyst for the oxidation of either substance. There is no doubt on the 
other hand that the liver contains sufficient copper to oxidize the ascorbic acid 
present at a much greater velocity than is observed in the excised tissue, and the 
intention of the experiments was to discover whether the presence of gluta¬ 
thione plays any part in protecting it from oxidation. 




Fig. 11. Fig.1* 

Fig. 11. Results of an experiment similar to that of Fig. 10 but obtained from the liver of a rabbit 
previously deprived of food for 48 hour*. 

Fig. 12. From an experiment similar to those of Figs. 10 and 11, but showing that ascorbic at-id 
is protected from oxidation if the concentration of GSH is kept high throughout the aeration. 

In Figs. 10 and 11 are curves selected from many obtained in the unpublished 
experiments under reference. In the first the preliminary period of sustained 
reduction of GSH was well marked and its oxidation relatively slow. The con¬ 
centration of ascorbic acid is seen to have remained constant. The second shows 
other conditions. This experiment was done on the liver of a rabbit which had 



1458 F. G. HOPKINS AND E. J. MORGAN 

been deprived of food for 48 hours; there was no reduction period, and the 
oxidation of GSH was rapid. In this case the ascorbic acid was also oxidized 
with some rapidity. In a general sense the other experiments in the series gave 
similar indications. Whilst, however, the two curves presented might seem to 
suggest that the same influences— identical reducing processes for instance—are 
responsible for controlling the rate of oxidation of both substances, other experi¬ 
ments of the same kind showed that there is too much irregularity in the results 
for this to be likely. With regard to any possible protective influence on the 
part of glutathione the curves obtained showed that any observed arrest or 
slowing of the oxidation of ascorbic acid is not related in any definite way to 
the absolute or relative concentration of the former existing at the time. If, it 
is true, the concentration of GSH be maintained at a relatively high value by 
adding it to the suspension of liver tissue during the course of the oxidations 
the ascorbic acid may be wholly protected. This is illustrated by the experiment 
of Fig. 12. Such artificial additions, however, do not reproduce the conditions 
present in the liver cell itself. It must be admitted that the experiments did not 
throw any clear light upon the relations of the two substances in the cell. They 
yield a suggestion that the tripeptide affords some protection to the vitamin but 
a definite proof or disproof of this calls for experiments of a different kind. The 
results obtained seem nevertheless to be worthy of record. 

Though not strictly germane to this paper some further reference may lie 
here allowed to facts concerning the oxidation of glutathione itself; facts bearing 
on the question as to how far the substance functions in the transport of hydrogen 
to oxygen. Experiments are in progress to determine the nature of the reducing 
systems which, as the experiments of Hopkins & Elliott [1931] showed, survive 
in excised tissues and, in spite of full aeration of these, delay for a period the 
oxidation of the GSH. This work is not yet complete and the results will be 
reported later. It may be stated, however, that the hydrogen donators mainly 
involved and probably the enzyme or enzymes are special in kind. Mann [1932] 
showed that the glucose dehydrogenase of Harrison can reduce the peptide, and 
Meldrum & Tarr [1935] that the isolated dehydrogenase .system of Warburg & 
Christian can do so, even under aerobic conditions. If these systems are both 
active in the liver (the former certainly is) they are not the sole or most active 
systems concerned. 

We wish, however, to comment here more particularly on a point concerned 
with the oxidation of GSH. Ogston & Green [1935] found that though rapidly 
reduced by the glucose and hexosemonophosphate dehydrogenases glutathione 
does not, when added to these in the presence of their substrates, increase the 
rate of oxygen uptake; the limiting factor being the rate of its oxidation when 
reduced. We have found, however, as others have found to be the case with 
ascorbic acid, that certain factors contained in tissue extracts strongly inhibit 
even in very low concentration the oxidation of “active” preparations of gluta¬ 
thione; preparations for instance which have stood long enough in aqueous 
solution to develop the organic factor which Meldrum & Dixon showed to be 
necessary (together with traces of metal) for oxidation. We have separated from 
liver a fraction containing a soluble protein (which may have been only an 
associate of some active inhibitor) of which 5 mg. when added to 25 mg. of 
activated glutathione in 10 ml. of solution at pH 7*4 completely inhibited its 
oxidation. We have moreover made preparations on orthodox lines of some 
dehydrogenases and have found that these may contain potent inhibitors of the 
kind in question. It is necessary therefore to bear these facts in mind^n testing 
the capacity of glutathione to transfer hydrogen from a given dehydrogenase 
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system to oxygen. In our study of this question we have endeavoured to obtain 
cell-free extracts from the liver capable of oxidizing GSH. It is clear that such 
extracts while containing the oxidizing agency must be free from the inhibitory 
factors just mentioned. The following simple and empirical procedure yields 
preparations which are active. The liver, thoroughly ground up with sand, is 
extracted with m amma lian Ringer solution, maintained at pH about 4-5 during 
the extraction by adding acetic or hydrochloric acid. It is so extracted three or 
four times and the mixed extracts centrifuged. The supernatant fluid is brought 
exactly to pH 4-5 and then heated to 70-75 ' and held at that temperature for 
3-4 min. It is cooled and the coagulated proteins separated on the centrifuge. 
The oxidation factors in the extract arc not enzymic and it may, if necessary, 
be concentrated in vacuo at low temperatures; not however open on a water- 
bath. At the above pH and in the presence of the electroh-tes in the Ringer 
solution the inhibitory substances art* removed with the bulk of the proteins 
while the oxidizing factors arc left largely intact. 

The two curves of Fig. 13 show the course of oxidation of GSH when an 
extract containing it was shaken in a series of open flasks. Oxidation was slow 
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Fig. 13. Oxidation of GSH by cell-free liver extracts at pH 7*4 and 7*8. Temp. 18 . 


but the experiments were done at room temperature and not at 37°. The char¬ 
acteristic linear course always seen when the liver tissue itself is aerated is not 
maintained in extracts and must depend on organizing conditions in the cell. 

Discussion. 

In 1928 Szent-Gydrgyi when describing for the first time the plant enzyme 
which specifically catalyses the oxidation of ascorbic acid, pointed out that 
although the en 2 yme when alone is without influence on reduced glutathione 
it oxidizes this when ascorbic acid is present in the system. The latter then 
“plays the role of a catalyst”. 
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The experiments described in the first section of this paper dealt quantita¬ 
tively with the system glutathione-ascorbic acid-enzyme. They have shown that 
so long as it remains in the system GSH completely prevents the oxidation of 
ascorbic acid. On the other hand, it is itself then oxidized at exactly the same 
rate as, in similar conditions, ascorbic acid is oxidized when alone. In each case 
the course of oxidation is linear throughout. Whatever the initial relative con¬ 
centrations of the components that of ascorbic acid remains constant till the 
GSH is nearly completely oxidized. It seems clear that during the course of 
oxidation in the complete system the two hydrogen atoms which, in effect, are 
transferred from each activated ascorbic acid molecule to oxygen are simul¬ 
taneously replaced by hydrogen from two molecules of GSH. The rates both of 
the direct and indirect oxidations are proportional to the enzyme concentrations 
and are affected alike by variations in pH. 

The behaviour of the enzyme accords with the definition of an oxidase. It is 
fully cyanide-sensitive but unaffected fyy phenylurethane; its presence does not 
affect the rate at which methylene blue is reduced by ascorbic acid or glutathione. 
The circumstance that the course of the oxidation of ascorbic acid as catalysed 
by the enzyme remains linear throughout indicates that it has a high affinity 
for its specific substrate and that the Michaelis constant must in its case be very 
small. 

To explain the steady maintenance of the reduced form of ascorbic acid in 
the presence of the oxidase when GSH is also present it seems necessary to 
assume that reduction of the former by the latter must be a more rapid process 
than the direct enzymic oxidation. It proved easy to show experimentally that 
this is the case if the enzyme is supplied as it exists in the undialysed plant juice 
or when it is contained in preparations made by precipitation from the juice 
with ammonium sulphate. Ascorbic acid, first oxidized reversibly by the juice 
or by such preparations, is reduced anaerobically when GSH is then added to 
the system at a rate which may be five times that of the oxidation. It is a 
remarkable circumstance however that, though the rate of oxidation induced 
by any sample of juice is not at all affected by dialysis, the power of the latter to 
catalyse reduction is much lessened and the course of reduction modified. This 
phenomenon which is consistently observed is discussed in section I, but no 
explanation can at present be offered. This, we think, is a reason for a further 
thorough study of the kinetics of the system. There is perhaps another. If we 
assume that the oxidized no less than the reduced molecules of ascorbic acid are 
activated by the enzyme it would seem unnecessary to suppose that the latter 
exercises any direct influence on the molecules of glutathione. Yet their reducing 
influence continues unabated when their concentration has become extra¬ 
ordinarily small. It may be justifiable to suppose that they are specifically 
absorbed and orientated on the enzyme surface and so brought into effective 
relations with the ascorbic acid molecules although not themselves activated. 

The system as studied is an artificial one though its kinetics seem to be of 
great interest. In any plant tissue which contains glutathione however it might 
well have physiological functions. Though the presence of glutathione in the 
growing tissues of Brassica is not disproved, we have evidence that it is unlikely, 
though substances yielding a nitroprusside reaction are present. 

The addition of a very minute concentration of ascorbic acid will convert a 
hexoxidase preparation which is without action on GSH into one which oxidises 
it, and it is perhaps instructive to realize that if, in the absence of Szent- 
Gyorgyi’s recognition of his oxidase as one specific for ascorbic acid, a search 
had been made for an enzyme acting on GSH, it might well live been 
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supposedly found in the juice of Brassica. This would have proved to be 
inactive after purification; a co-enzyme would almost certainly have been then 
sought and identified with ascorbic acid! 

The presence of GSH protects the vitamin from oxidation by copper catalysis 
no less than by enzymic catalysis. In the former case however the nature of its 
influence must be wholly different. There can be no question of hydrogen 
transference. If the glutathione employed in an experiment (owing to its as¬ 
sociation with small amounts of Meldrum & Dixon’s organic factor) is to any 
degree oxidized by the metal, the presence of ascorbic acid makes no difference 
to the rate of its oxidation. If, on the other hand, the glutathione is stable the 
system is completely inert. 

The inhibition of the ascorbic acid oxidation seems clearly to be due to a 
circumstance familiar in other cases of metallic catalysis. The inhibitor—in this 
case GSH—forms a stable compound with the copper, preventing efficient con¬ 
tact between the metal and its substrate. 

It is of interest to find that one cell constituent protects another from 
oxidation in each of two systems so widely diverse in their mechanisms. 

In section III of the paper reference is made to a repetition of the experiments 
of Hopkins & Elliott [1931] on the oxidation of glutathione in excised liver 
tissue. The results of these have been confirmed. Other experiments are described 
in which the oxidation rates of glutathione and ascorbic acid were followed 
simultaneously. Although they suggest that high concentrations of the former 
may protect the latter from oxidation in the liver, their general indications are 
that normally the two substances are oxidized independently, perhaps by 
different agencies. 


Summary. 

When ascorbic acid and glutathione are together in the presence of the 
hexoxidase described by Szent-Gyorgyi the glutathione wholly protects the 
vitamin from oxidation, whilst it is itself oxidized at a rate which, with the same 
concentration of enzyme, is exactly the same as the rate with which ascorbic 
acid is oxidized when alone. Only when GSH has practically disappeared from 
the system does the oxidation of ascorbic acid begin. 

When ascorbic acid has been reversibly oxidized its reduction by pure 
glutathione alone is a very slow process; but in the presence of the enzyme (in 
conditions which are discussed in section I) the reduction may be five times as 
fast as the oxidation induced by the same concentration of the enzyme. 

Glutathione also completely protects ascorbic acid from oxidation by copper 
catalysis. The mechanism of protection must here be different from that which 
operates in the case of the enzyme. In the latter it depends upon hydrogen 
transference, in the former on inhibition of the catalysis. 

In the last section of the paper the behaviours of ascorbic acid and gluta¬ 
thione in aerated hepatic tissue are described and discussed. 
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I. THE MEAN MOLECULAR WEIGHT OF THE FREE 
AND COMBINED ACIDS IN THE BLOOD-SERUM 
LIPOIDS OF CANCER AND OTHER SUBJECTS. 

Tub work described in the following section is an examination of the method 
published by von Noel [1931] as a means of diagnosing cancer from the chemical 
analysis of serum “fat”. The underlying principle on which the method is based 
is the assumption that in cases of cancer, although the depot fat remains of 
normal composition, the serum fat will show the presence of acids of a mean 
molecular weight lower than that normally obtained. 

The reason put forward in support of this view [Dannmeyer & Seel, 1931] is 
based on the well-known theory of Warburg et al. that there is an increased 
formation of such substances as lactic, pyruvic and acetoacetic acids as a result of 
deficient oxidation of carbohydrate in the diseased tissue cells. 

The serum lipoids actually employed are those obtainable by extraction of 
the dried serum with ether followed by extraction with an alcohol-ether solution 
containing 2 % ethyl alcohol. For the chemical analysis the several ether ex¬ 
tracts are mixed with the alcoholic ether extracts and the total residue examined; 
but in the present work, in those cases where the physical method described in 
Fart II was employed, the alcoholic ether extract was the fraction supplied for 
the physical examination, and this solution on its return was added to the ether 
extract for the chemical tests. 

The chemical examination consists simply of the determination of the acid value 
and the ester value of the extract, and from the results of these two determina¬ 
tions the “Krebszahl” [von Nodi, 1931]of the specimen is calculated. This “cancer 
number” is based on the assumption that the normal depot fats have a mean 
equivalent weight of 280, so that for saponification 1 ml. of 0’IN' alkali solution 
is equivalent to 28 mg. of fat. If the number of ml. of 0-1 N alkali solution re¬ 
quired to saponify 100 mg. of the unknown sample of fat is multiplied by 28, the 
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resulting figure (the Krebszahl) will be very near to 100 if the fat is normal depot 
fat, but will be greater than 100 if fatty acids of lower molecular weight pre¬ 
ponderate. 

The Krebszahl is given by the expression 


Krebszahl= 


_ 100 (a + b) 28 _ 

wt. of substance in mg. ’ 


where a =ml. of 0* 1 N solution to neutralize free acids and 6=ml. of 0-1 N solution 
to saponify the neutralized fat. 

It is also assumed that there is no significant variation in the proportion of 
the unsaponifiable fraction in the cancer and non-cancer specimens. 

An interesting fact not mentioned by von Noel is the simple numerical rela¬ 
tionship between the Krebszahl and the ordinary saponification value; the latter, 
based on a molecular weight for KOH of 56-1, is almost exactly twice (2*004) the 
former. 

From the results of the examination of over 80 blood samples from normal, 
cancer and other cases, von Noel suggested a critical value of 130 for the 
Krebszahl, all values above this were claimed to be characteristic of cancer, 
whereas normal cases and cases of tuberculosis, diabetes, arteriosclerosis, benign 
tumour etc. gave values below 130. 

In order to test this claim more than 40 specimens of blood from cancer and 
other cases have been examined by the above technique, and in order further to 
simplify the conditions the majority of the non-cancer cases selected were as 
near to normal as possible whereas many of the cancer cases were in an advanced 
stage of disease. 

With the exception of the cases A, B and C, the blood specimens were kindly 
supplied by Mr F. C. Hunt from the Nottingham General Hospital, and with the 
above exception the details in Table I were also furnished by him. 

The specimens were taken by venepuncture practically all after an overnight 
fast of 15 hours. 

Experimental. 


The blood specimens were defibrinated by means of a stick in the test-tube 
used for receiving the sample. They were then transferred to the laboratory, 
centrifuged in graduated 15 ml. tubes and a definite volume of the serum re¬ 
moved by means of a pipette. To the sample of serum in a small beaker, twice the 
volume of saturated zinc sulphate solution was added and, after mixing, the 
contents were poured on to a weighed amount of a.r. anhydrous sodium 
sulphate contained in a porcelain dish. The weight in grams of sodium sulphate 
was equal to four times the volume in ml. of the original serum. This proportion 
was found to cause the resulting paste to solidify when the dish was left overnight 
in a desiccator. 

Next morning the solid mass was transferred to a glazed porcelain mortar 
and roughly powdered by hand. The pestle was then clamped in an automatic 
grinding device, electrically driven, which ground the mass to a fine powder in 
30 min. The powder was transferred to a 750 ml. conical separating funnel fitted 
with a plug of fat-free cotton wool in the apex, and the contents were covered 
with dry ether and left overnight. (The ether used throughout this work was of 
B.P. (sp. gr. 0*720) quality which had been dried over sodium wire and distilled 
from further sodium.) The following morning the solution was run out of the 
funnel into a flask, the last runnings being blown out by means of dry oxygen- 
free compressed nitrogen. The pasty residue in the funnel was then sfatiken with a 
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second quantity of ether which was immediately blown out into the first extract. 
The residue was dug out of the funnel into the mortar, a little more (about 10 %) 
anhydrous sodium sulphate added, and the whole reground for half an hour. The 
powder was then returned to the funnel, covered with ether and again allowed 
to stand overnight. Next day the previous day's procedure was repeated. On 
the third morning of the ether extractions the first ether extract only was added 
to all the previous extracts. 

Thus if as addition of sodium sulphate and grinding and b = addition of 
ether and running and blowing off, then the total steps are 

a, by b ; a, b, b; a , 6. 

The total ether extract thus obtained measured about 350-400 ml. 

The mass in the funnel was then treated with an alcoholic ether mixture con¬ 
taining 2 % of ethyl alcohol according to the following scheme: 

c , a, c, c , a, c, c, 

where c s addition of alcoholic ether followed by running and blowing off, the 
funnel again being left overnight after each further grinding. 

The total alcoholic ether extract, of about the same volume as the total ether 
extract, was distilled to about 25 ml., and in the cases where the absorption 
spectrum was investigated was passed on to L. A. Woodward for the work 
described in Part II of this paper. After its return the alcoholic ether extract was 
added to the similarly concentrated ether extract and the total mixture used for 
the chemical examination. This procedure was followed in all cases whether the 
physical examination was carried out or not. 

In von Noels original paper [1931] the steps in the extraction process are not 
very clearly described and the above method of procedure is that given in a 
private communication from him. 

The total extract, concentrated to a volume of about 15 ml., was then 
filtered through a small paper into a 50 ml. tared Erlenmeyer flask and the solvent 
removed by blowing dry oxygen-free nitrogen on to the surface of the filtrate. 
The flask was then heated to constant weight in a vacuum drying-oven at 37 \ 
All weighings were carried out to five places of decimals in grams on a Kuhlmann 
microbalance. The residue was obtained as a colourless or very pale yellow 
crystalline mass. 

The acid and ester values were then determined in the following manner. 

The fat was quantitatively dissolved in 15 ml. of a neutralized ether-alcohol 
solution consisting of 2 volumes of alcohol to 1 volume of ether, immediately 
transferred to a 100 ml. flask and directly titrated with N/10 sodium hydroxide 
solution from a microburette using phenolphthalein as indicator. The ester value 
was determined on the neutralized mixture by adding 20 ml. of an ether-alcohol 
j>otassium hydroxide solution freshly prepared in the following way. To 20 ml. 
of N/2 alcoholic potassium hydroxide solution were added 60 ml. of absolute 
alcohol and 40 ml. of dry ether giving a solution of N/12 concentration. The 
saponification was carried out by heating the flask for half an hour on an 
electrically heated water-bath with frequent shaking and, after cooling, by back- 
titrating the contents with Nj 10 hydrochloric acid solution. Two blank titrations 
were carried out, each on 15 ml. of the neutral ether-alcohol solution heated 
simultaneously with the samples under test. 

The results obtained from 41 specimens are given in Table I. 
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Table I. 

Vol. of 
Nl 10 

Vol. of KOHto 


Kef. 

no. 

Ago 

Sex 

Cancer 
(C), non¬ 
cancer 

Clinical diagnosis (N) 

Vol. of 
serum 
ml. 

Wt. of 
“Fat” 
mg. 

A r /10 
NaOH 
to neu¬ 
tralize 
ml. 

saponify 
after 
neutral¬ 
ization ‘ 
ml. 

‘ Krebs¬ 
zahl ” 

1 

22 

F 

Chronic appendicitis 

N 

14-5 

86-69 

7*58 

1-26 

285 

A 

60 

M 

Carcinoma of rectum with colostomy. Columnar 

C 

8*5 

77-72 

7-32 

060 

285 

B 

47 

M 

type 

Bronchitis and asthma 

N 

8-5 

44-85 

3-08 

0-50 

224 

C 

24 

M 

Neurasthenia 

N 

10*5 

53-20 

5-23 

0-55 

304 

15 

63 

F 

Malignant left ovarian cyst. Secondary deposits 

C 

5-0 

57-07 

4*20 

057 

234 

10 

20 

F 

in liver, ascites 

Acute appendicitis 

N 

0-5 

39-05 

2-97 

0-33 

165 

19 

48 

M 

Carcinoma of colon 

C 

105 

8065 

6*35 

093 

253 

20 

40 

M 

Acute appendicitis 

N 

8-5 

91-00 

5-43 

1-33 

208 

21 

18 

M 

T.B. pleural effusion 

N 

8-3 

56-46 

5-02 

1-05 

301 

22 

43 

M 

Gastnc ulcer 

N 

6-1 

68-10 

4-76 

1-40 

253 

23 

52 

M 

Functional dyspepsia 

N 

7-0 

47-20 

2-76 

1*07 

227 

24 

62 

M 

Carcinoma of rectum 

C 

6-4 

57-10 

4-84 

109 

291 

25 

64 

M 

Carcinoma of rectum 

c 

9-5 

28-00 

2-50 

0-39 

289 

20 

70 

M 

Carcinoma of colon 

c 

8-8 

81-95 

7-75 

1-03 

300 

27 

53 

F 

Advanced carcinoma of cervix uteri 

c 

8-5 

41-34 

1-91 

093 

192 

28 

57 

F 

Columnar celled carcinoma of rectum 

c 

7-0 

51-60 

1-48 

1-32 

152 

30 

24 

M 

Hydrocele 

N 

6-8 

33-00 

2-12 

086 

255 

31 

41 

M 

Acute nephritis 

N 

8-4 

42-20 

098 

1-02 

133 

32 

57 

M 

? Gastric ulcer 

N 

12*2 

31-80 

0-80 

0-99 

296 

33 

70 

M 

Epithelioma of tongue 

C 

7*0 

21-61 

087 

091 

231 

34 

69 

F 

Epithelioma of tongue 

Carcinoma. Radical amputation right breast 

c 

7-4 

31-60 

1-54 

1-37 

258 

35 

40 

F 

c 

9-5 

32-39 

062 

0-91 

132 

30 

19 

M 

Acute mastoiditis 

N 

9-5 

28-37 

1-08 

1-36 

241 

37 

45 

F 

?Left hemiplegia. Cerebral tumour 

N 

7-5 

41*10 

1-02 

1-44 

168 

38 

49 

F 

Large inoperable carcinoma of left breast. Blood 
sample, 27. x. 33 

Caesarian section 

C 

7-5 

38-42 

077 

2-60 

216 

39 

39 

F 

N 

40 

14-45 

056 

042 

UK) 

40 

59 

F 

Fracture dislocation of head of left humerus 

N 

4-0 

16-90 

065 

058 

204 

51 

48 

F 

Advanced carcinoma of cervix uteri 

C 

13-0 

34-00 

079 

MO 

156 

52 

Sec No. 38 

Now large actively growing mass of carcinoma of 

c 

8-0 

22-51 

046 

063 

136 

53 

46 

F 

left breast. Radium m Oct. 1933 (sample, 20. n. 34) 

Acute pyelitis N 

9-0 

39-40 

082 

1-48 

164 

54 

38 

F 

Concussion and abrasions 8 days previously 

N 

10-0 

19-09 

0-24 

0-53 

113 

55 

30 

F 

? Cholecystitis 

N 

7-0 

20-49 

058 

066 

169 

56 

36 

F 

Carcinoma of cervix uteri rapidly growing 

C 

70 

22-11 

029 

1-03 

167 

57 

16 

M 

Acute appendicitis 

Epithelioma of tongue 

N 

7-0 

13-92 

0-28 

035 

127 

58 

62 

M 

C 

5-6 

1018 

027 

0-26 

146 

59 

35 

M 

? Malignant disease of left lung 

Calculi in left ureter 

C 

7*8 

29-66 

0-55 

1*81 

176 

60 

24 

M 

N 

6-5 

17*28 

032 

0-42 

120 

61 

60 

M 

Advanced carcinoma of colon 

C 

7*5 

14-65 

0-41 

0*34 

143 

<52 

63 

M 

Cerebral haemorrhage. W.R. neg. 

N 

7*7 

23-77 

031 

042 

86 

63 

21 

M 

Chronic suppurative otitis media 

N 

6-6 

14-28 

035 

034 

135 

64 

60 

M 

Epithelioma of palate 

C 

6*5 

22-99 

0*37 

051 

107 


Average Krebazahl for 19 cases of Cancer «205. 

Average Krebszahl for 22 cases other than Cancer «* 199. 


Discussion. 

Two facts which emerge from the foregoing tables of results are (a) The 
“Krebszahlen ” have a somewhat higher average value than the figures given by 
von Noel [1931] and (6) there is no indication, from the cases examined, of a higher 
“Krebszahl” generally characterizing cancer. 

The saponification value of the serum lipoids is an analytical figure of such a 
general nature and the lipoid fraction itself under the conditions of isolation 
must of necessity contain so many different substances ranging from free acids of 
3 or 4 carbon atoms to complex glycerides and cholesteryl esters, that the figures 
obtained can reveal only a very general average composition. The fact that the 
saponification value of such a complex mixture does not show any significant 
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differences in value characteristic of one single pathological condition is not 
therefore remarkable. In a further private communication von Noel reports 
that he has personally found that an increased amount of bile acids in the blood 
stream tends to give a false value on account of their high molecular weight. 

It would seem too that even in cases where super-normal amounts of such 
relatively strong acids as lactic or acetoacetic acid are formed, if the acidosis is 
compensated the technique under discussion would not reveal their presence in 
any quantitative manner. An alternative possibility that the acids in question 
could be present as esters, thus revealing themselves by an enhanced ester value, 
seems somewhat improbable. 

It is suggested therefore, on purely theoretical grounds, that the detection 
and estimation of the relatively strongly dissociated acids generally considered 
to be characteristic of the abnormal glycolysis of pathogenic tumours, is far from 
quantitative when attempted by measurement of the acid or saponification value 
of serum lipoids. 


II. ULTRAVIOLET ABSORPTION MEASUREMENTS. 

Introduction. 

The measurements described in this Part were made with the object of testing 
the claim of certain previous workers [Dailnmeyer etai. y 1931] to have obtained 
a method of diagnosing cancer by observation of the shape of the ultraviolet 
absorption curve of an extract from blood serum. The procedure of these 
workers was therefore followed as closely as possible. The work is intimately 
connected with that described in Part I of this paper, since the explanation put 
forward by the previous workers for the reported differences between the absorp¬ 
tion curves of cancer and non-cancer cases is similar to that for the differences 
between the chemical “Krebszahlen ”, reference to which has been made above. 
Actually, however, the chemical results of Part I lend no support to the corre¬ 
sponding conclusions of the previous workers; but this fact does not preclude the 
possibility that absorption measurements, which are inherently capable of 
giving individual information about the different species present rather than an 
average result for the whole system, might provide a reliable diagnostic criterion. 

Experimental. 

The measurements were made with a special type of photoelectric spectro¬ 
photometer designed and constructed by the writer for the purpose. A descrip¬ 
tion of this instrument and method and of its accuracy has already been 
published elsewhere [Woodward, 1934]. As in the measurements of the previous 
workers, a double quartz monochromator was used, so that the illumination of 
the liquid under investigation was very nearly monochromatic. The source of 
light was a mercury vapour arc and determinations were made at the following 
wave-lengths: 313-0, 302-3, 296-8, 289-4, 280-2, 275-6, 265-3, 253-7, 248-1, 
240-0 m/Lt. Where the mercury line in question consists of a close assemblage of 
components not separable by the monochromator, the wave-length given is an 
average reckoned with due regard to the relative intensities of the components. 
Under the conditions of experiment the maximum error in the determination of 
extinction coefficients is about 0-5 %; except for the highest and lowest values, 
for which it is about l %. 
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Owing to the volatility of the solvent (ether+2% alcohol) difficulties were 
encountered in using absorption vessels of the customary type, i.e. consisting of 
a tubular glass distance-piece with optically worked ends upon which are pressed 
quartz end-plates. With such vessels it was found impossible to prevent the 
formation in the liquid of a bubble, the presence of which gave rise to errors in 
the measurements. The trouble was overcome by using fiised silica one-piece 
absorption cells (Hilger Type D) in which the plane end-plates are adhesed on to 
the tubular part of the cell by a special process without cements. These vessels, 
the filling tubes of which were closed during the experiments by means of cork 
stoppers previously washed with ether, proved entirely satisfactory. Two exactly 
similar cells were used, one for the solution under investigation and one for the 
solvent. The thickness of the liquid layer was exactly 20 mm. Measurements 
were carried out at room temperature. 

The blood-serum extract investigated was the ether-alcohol extract referred 
to above in Part I. The concentration of this solution, as first extracted, naturally 
varied from case to case. In order therefore to facilitate the absorption deter¬ 
minations and to ensure more easily comparable results, the concentration was 
always adjusted by trial (either by adding solvent or by carefully evaporating 
down) until the observed absorption lay in the range most suitable for measure¬ 
ment. After the determinations the extract was returned to H . H. Barber for the 
chemical examination described in Part I. 

The quantity actually measured was the ratio of the intensity I 0 of the beam 
incident upon the solution under investigation to the intensity 1 of the trans¬ 
mitted beam. The simultaneous use of a comparison vessel containing pure 
solvent introduced full correction for reflection and for absorption by the vessel 
and solvent. The results are expressed as extinction coefficients e, defined by the 
equation 

11 /. 

o / , 

in which d is the thickness of the liquid layer in cm. In our case d =2*000. It is to 
be noted that the concentration does not appear in this equation. Assuming the 
validity of Beer’s Law, the quantity € would have to be divided in each case by 
the molecular concentration of the solution in order to obtain the strictly com¬ 
parable quantity, the molecular extinction coefficient. Actually no account is 
taken of the small differences in the concentrations of the extracts studied. 
This means that the whole set of e- values for any particular extract is multiplied 
by a certain small concentration factor, as compared with the set of values for 
another extract. Since, however, we are not concerned with absolute values, 
but only with the relative shapes of the respective absorption curves, this circum¬ 
stance is of no importance. It should be mentioned also that the extinction 
coefficient e used here differs from the quantity a used by the previous workers 
in that the equation defining e contains a logarithm to the base 10, whereas the 
exactly analogous equation defining a contains a logarithm to the base e. This 
introduces a constant conversion factor which, however, is again of no significance 
since we are concerned with relative, and not with absolute, values. 

The results of the determinations for 20 cases are given in Table II. The first 
column gives the reference number of the case and the second the nliniaal 
diagnosis, C denoting cancer and N non-cancer. For further details of the oases 
see Table I in Part I, in which the same reference numbers are used. The rest of 
Table II contains the observed values of e in columns headed by the respective 
wave-lengths expressed in m/x. 
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Table II. 


Observed values 


Ref. 

Clinical 

r~~~ 

— 

—-- 

— 

— 

>- . 


-.— 


— \ 

no. 

diagnostH 

3130 

302*3 

296*8 

289*4 

280*2 

275*6 

265*3 

253*7 

248*1 

240*0 

35 

(7 

0158 

0*215 

0*249 

0*310 

0*390 

0*435 

0*518 

0*599 

0*668 

— 

36 

N 

0-213 

0*248 

0*266 

0*330 

0*386 

0*414 

0*468 

0*574 

0*639 

0*754 

37 

N 

0161 

0*205 

0*246 

0*287 

0*344 

0*376 

0*461 

0*663 

0*762 

0-91 

38 

C 

0*179 

0*291 

0*360 

0*468 

0*578 

0*644 

0*785 

0*96 

1*01 

-- 

39 

N 

0*154 

0*227 

0*281 

0*373 

0*508 

0*595 

0*800 

1*08 

1*17 

— 

40 

N 

0132 

0*207 

0*269 

0*383 

0*545 

0*648 

0*889 

115 

— 

— 

51 

C 

0106 

0*155 

0*190 

0*256 

0*360 

0*421 

0*545 

0*749 

0*894 

— 

52 

C 

0107 

0*165 

0*201 

0*260 

0*343 

0*396 

0*546 

0*813 

0*97 

— 

53 

N 

0*093 

0*158 

0*205 

0*291 

0*422 

0*513 

0*726 

1*09 

— 


54 

N 

0*100 

0*132 

0*160 

0*207 

0*265 

0*306 

0*382 

0*560 

0*690 

0*892 

55 

N 

0*096 

0*139 

0*169 

0*221 

0*310 

0*368 

0*504 

0*747 

0*91 


56 

C 

0*092 

0137 

0*166 

0*219 

0*295 

0*348 

0*483 

0*726 

0*854 

—• 

57 

N 

0*094 

0*140 

0*176 

0*241 

0*339 

0*403 

0*553 

0*818 

0*974 

— 

58 

C 

0*089 

0*128 

0*158 

0*207 

0*276 

0*323 

0*416 

0*584 

0*706 

— 

59 

V 

0*097 

0*122 

0*142 

0179 

0*226 

0*245 

0*276 

0*310 

0*334 

0*456 

60 

X 

0*085 

0*110 

0*130 

0*162 

0*203 

0*225 

0*257 

0*324 

0*387 

0*554 

61 

c 

0101 

0*137 

0*161 

0*201 

0*259 

0*282 

0*313 

0*382 

0*466 

0*703 

62 

N 

0*092 

0*135 

0*160 

0*196 

0*239 

0*271 

0*332 

0*448 

0*487 

0*579 

63 

X 

0*092 

0*122 

0*145 

0*178 

0*227 

0*250 

0*302 

0*391 

0*465 

0*609 

64 

c 

0*118 

0*167 

0*202 

0*261 

0*348 

0*393 

0*503 

0*683 

0 810 

1*08 


The procedure in carrying out the determinations was to start with the 
longest wave-length and work through progressively to the shortest. In a large 
number of eases, however, values measured at the beginning of a run were re¬ 
determined afterwards. The agreement obtained was always within the limits of 
experimental error given above. 


Discussion of results 

Damimeyer et al. [1931] express their results in the form of absorption curves 
in which the measured absorption coefficients a are plotted against wave¬ 
lengths. They reproduce 10 of these curves, 5 for cases of cancer and 5 for non¬ 
cancer, the examples being chosen as being ‘ especially characteristic ” (p. 652). 
They claim that the form of the curve in any given ease furnishes a diagnostic 
test for the presence or absence of cancer. The test is actually effected either 
(a) by purely visual inspection of the curve or (6) by a formal method of analysis. 
As far as (a) is concerned, it is stated to be “clearly apparent” from the 10 
examples reproduced that the curves of the cancer show "an essentially more 
uniform course” (eimn u'esentlidi einhritUsheren Verlauf, p. 652) than those of 
the non-cancer cases. The present writer is unable, however, to perceive this 
qualitative difference by visual inspection of the curves in question. As the test 
appears to be so indefinite for examples chosen as especially characteristic, it is 
presumably even more so in average cases. 

In the hope that the characteristic difference between cancer and non-cancer 
absorption curves, if it exists, might be more apparent from the results of the 
present investigation, these results were plotted in the same manner; but visual 
inspection of the curves obtained reveals no characteristic differences such as 
might serve as basis for a diagnostic test for cancer. 

It may be noted that for all our curves of c against A the slope is everywhere 
negative, whereas some of the curves reproduced by the previous workers show 
regions of positive slope in the same wave-length range. 
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Reproduction of our curves, which are plotted from the data given in 
Table II, is prohibited by considerations of space. 

Though purely visual inspection is claimed by the previous workers to 
suffice for purposes of diagnosis, they also give an account of a formal method 
(b) whereby the absorption curve under consideration is analysed into a so-called 
“basic curve” (Grundkurve) and a number of superimposed “partial bands” 
( Teilbanden ). The latter are claimed to be characteristically different in cancer 
cases, as compared with non-cancer cases. For the purpose of the analysis it is 
found expedient, instead of plotting the absorption coefficient a against the 
wave-length A, to plot log a against the reciprocal of A 2 . The “basic curve” then 
becomes a straight line. From the four examples given there appears, however, 
to be a certain arbitrariness involved in deciding the exact position of this line. 
The “basic curve” having been drawn, its ordinates are subtracted from those 
of the original curve and the differences replotted as ordinates of a new curve 
which we may call the selective absorption curve. This is finally analysed into a 
number (as many as six in one of the examples) of superimposed “ partial bands ”, 
the sum of whose ordinates at any value of A is equal to the ordinate of the curve. 
Now it is clear that small experimental errors in the determination of the original 
total absorption curve become relatively much greater for the ordinate differences 
which are plotted to obtain the selective absorption curve, and also that the 
values of these differences are affected seriously by a small uncertainty in the 
position of the “basic curve”. The number of known points on the selective 
absorption curve is limited, being equal to the number of wave-lengths at which 
the original absorption determinations were made, and the course of the curve is 
in general very irregular. Hence it appears that a certain degree of arbitrariness is 
necessarily associated with an analysis into a number of overlapping “partial 
bands”, even though these bands are required to satisfy certain conditions. 

These considerations would seem to detract from the applicability of this 
method of analysis to the absorption curve of such a complicated system as the 
serum extract investigated. Since, therefore, the object of the present investiga¬ 
tion was to find out whether ultraviolet absorption measurements on the 
extract could furnish a diagnostic test for cancer, it was thought best (in the 
absence of a thoroughly imambiguous method of analysis) to confine attention to 
purely visual inspection of the form of the absorption curves obtained. As stated 
above, our results on 20 cases give no evidence of the possibility of a diagnostic 
test of the kind sought. 

Summary. 

Part /. 

From the results of the examination of 41 specimens of blood serum obtained 
from both normal and cancer cases, there does not appear to be any significant 
difference in the saponification values of the serum lipoids as isolated under the 
conditions laid down in the paper of von Noel [1931]. 

The “Krebszahlen” calculated in the prescribed manner do not show 
differences sufficiently characteristic to be of diagnostic value. 

Part IL 

The investigations of this part constitute an independent test of the claim of 
previous workers to have obtained a method of diagnosing cancer by the form of 
the ultraviolet absorption curve of an extract from blood serum. An account 
is given of ultraviolet absorption measurements made with a double quartz 



SERUM LIPOIDS IN CANCER 


1471 


monochromator and photoelectric spectrophotometer. Results are tabulated 
for 20 cases, 9 of which were clinically diagnosed as cancer and 11 as non-cancer. 
These results furnish no evidence for the possibility of the diagnostic method 
under test. 

The work described in this paper was carried out at the instigation of Prof. 
H. L. Brose, to whom we are grateful for his continued encouragement. We wish 
to acknowledge our indebtedness to the Nottingham General Hospital for their 
co-operation in supplying the blood samples. Our thanks are due in particular 
to Mr F. C. Hunt, who was responsible for taking the samples and keeping the 
clinical notes of the cases. We should like also to thank Dr F. H. Jacob for his 
interest in the investigations. In addition we wish to express our gratitude to 
the Nottinghamshire Branch of the British Empire Cancer Campaign for grants 
covering the cost of the apparatus and part of the salary of one of us (H. H. B.) 
as biochemist. The work was carried out during the tenure by one of us (L. A. W.) 
of the Massey Scientific Fellowship at University College, Nottingham. We wish 
to express our thanks to Mrs Massey and Mrs Massey Stewart, whose financial 
generosity in creating the Fellowship made the work possible. 
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CCVII. SOME OBSERVATIONS ON THE REDUC¬ 
TION OF IRON BY TISSUE EXTRACTS AND 
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The investigations of a large number of workers have made possible a general 
conception of the metabolism of iron. The retention of iron in the body, blood 
formation and other aspects of iron metabolism are conditioned by the reduction 
of food iron in the alimentary tract and its absorption from the duodenum in the 
ferrous state [McGowan, 1930; Lintzel, 1933]. The absorbed iron is believed to 
be oxidized in the blood and transported, presumably as a ferric compound of 
globulin [Starkenstein & Harvalik, 1933], to the liver where it is either utilized 
in haemoglobin synthesis or stored largely in the reduced state. The presence of 
ascorbic acid, in relatively large concentration in the intestinal mucosa [Hopkins, 
1934; Zilva, 1935] and in the liver, invites speculation as to the role which this 
substance may play in the absorption of iron from the alimentary tract and in the 
reduction of blood iron in the liver. 

The secondary anaemia of human and guinea-pig scurvy is well known. How 
far the anaemia is the result of a derangement of iron metabolism due to the lack 
of a specific reducing substance (ascorbic acid) is not definitely known. Stacy & 
Chew [1932] believe the fundamental cause to be retarded erythropoiesis. The 
oral administration of iron was shown to be ineffective in alleviating the anaemia 
of human scurvy [Mettier el ah 1930]. In a series of experiments with guinea-pigs 
in which scurvy was produced by feeding the diet of Harris et al , [1932], we ob¬ 
served an anaemia of similar severity to that found by Stacy & Chew [1932]. 
During the recovery which followed the injection of 3 mg. of ascorbic acid daily 
the haemoglobin and red-cell count returned to the normal level. When next the 
ascorbic acid was withheld and each guinea-pig received instead a daily intra- 
peritoneal injection of 3*2 mg. of Fe" or Fe'" in the form of Mohr’s salt or ferric 
chloride the animals again lost weight, all became anaemic and died of scurvy 
within 12 days. When 6 guinea-pigs were fed the same diet and received daily 
injections of 3-2 mg. Fe* as Mohr’s salt, severe scurvy marked by inanition, rapid 
loss in weight and Hie development of a pronounced secondary anaemia developed 
in all the animals. We believe with Stacy and Chew that the hemorrhages which 
occurred in any of these animals could not be responsible for the degree of 
anaemia which ensued. 1 

The failure to maintain normal haematopoiesis in animals suffering from 
advanced scurvy by the parenteral administration of iron is not surprising. The 
animals received a diet which, owing to the inclusion of egg-yolk, had a high iron 
content (0*021 % Fe). Presumably the iron stored in the liver should have been 

1 In view of the negative findings in these experiments it was considered that no useful purpose 
would be served by giving the detailed results. 

{ 1472 ) 
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sufficient to permit the haemoglobin content of the blood to be maintained at 
the normal level during the short period of extreme inanition. It may be con¬ 
cluded that the anaemia of scurvy is not due to a diminished absorption of iron. 
Eichholtz & Unrath [1935] have found that feeding mice with ascorbic acid 
along with iron did not increase the amount of so-called “catalytically active” 
iron available to the organism. 

If a derangement in iron metabolism is responsible for the anaemia of scurvy 
it would appear to be localized in the mechanism which brings about the 
reduction of iron in the liver. The results of the experiments just described would 
not exclude this possibility if, as Starkenstein & Harvalik [1933] believe, injected 
ferrous iron is rapidly oxidized by the blood. In fact direct evidence in this regard 
is not easily obtained. The experiments in vitro now to be described are mainly 
concerned with certain aspects of the reduction of iron salts by tissue extracts 
and by ascorbic acid and constitute an attempt to obtain indirect evidence 
linking ascorbic acid in the chain of processes involved in the metabolism of 
iron. 

1. The reduction of ferric ion by tissue extracts. 

The technique and the accuracy of the method employed to determine the 
amount of iron reduced under the conditions of succeeding experiments is 
illustrated below in a brief summary of the results of an experiment which show, 
as anticipated, that the reaction between ascorbic acid and ferric ion involves a 
two-electron change. 

Composition of the test solution: 

8 ml. of phthalate or acetate buffer. 

1 ml. of a ferric chloride solution containing 0*50 mg. Fe. 

1 ml. of approximately 0*001 M ascorbic acid solution. 

4*4 mg. B.I).H. ascorbic acid plus 3*0 ml. 0*001 M solution of sodium 
diethyldithiocarbamate and diluted to 25 ml. with ordinary distilled 
water. 

This solution was found, by iodine titration, to contain 0*173 mg. ascorbic 
acid per ml. A note at the end of this paper explains the use of the carbamate 
reagent. 

The final pH of the mixture was determined by the quinhydrone electrode. 
Solutions of pH 2*2 to 5*5 were employed. 

Titanium titration: 

Using the micro-technique of McFarlane [1936] repeated titrations of 2*0 ml. 
aliquots of the above mixtures gave values varying from 0*190 to 0*199 ml. of 
titanous chloride solution. The total iron (0*i0mg. Fe'") in a 2 ml. aliquot 
required 0*249 ml. of the titanous chloride solution for its quantitative reduction. 

Therefore 0*190ml. TiCl a solution is equivalent to 0*0763 mg. Fe and 
0*199 mi. TiCl s solution is equivalent to 0*080 mg. Fe. 

1 ml. 0*001 M ascorbic acid solution at pH 2*2-5*5 reduced 0* 120-0* 102mg. Fe. 

Calculated on the basis that one molecule of ascorbic acid reduces two atoms 
of iron. 

1 ml. 0*001 M ascorbic acid solution should reduce 0*112 mg. Fe. 

At physiological hydrogen ion concentrations ascorbic acid, according to 
Szent-Gyorgyi [1934] forms a stable complex with ferrous iron. A simple calcula¬ 
tion, using the valueB for the “inorganic” iron content of tissues as given by 
Tompsett [1935] or McFdriane [1934] shows that the amount of ascorbic acid 
usually considered to be contained in these tissues is more than sufficient to hold 
the iron in the reduced state. Measurement of the degree to which trichloroacetic 
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acid extracts of tissues reduce 2:6-dichlorophenolindophenol forms the basis of 
the well known procedure of Birch et ah [1933] for the estimation of ascorbic 
acid. It becomes of interest to determine the degree to which tissue extracts 
will reduce ferric ion relatively to their reducing intensity as measured by 
the dye titration. These measurements have been made and the results are 
presented in Table 1. 

The general procedure employed to obtain these data was to triturate a 
weighed quantity of the tissue with 5 ml. of a 20 % solution of trichloroacetic 
acid and a small amount of quartz sand. 1 The suspension was oentrifuged and 
the precipitate washed with 20 ml. of 1 % trichloroacetic acid solution. The 
combined centrifugates were made up to a definite volume. An aliquot was 
transferred to a small Erlenmeyer flask and to it was added an equal volume of 
phthalate-HCl buffer of pH 4*5 and a measured volume, usually 2 ml., of a 
standard ferric chloride solution containing 0*05 mg. Fe"' per ml. The pH of the 
mixture was approximately 2*5. The amount of iron reduced was determined 
and its equivalent as ascorbic acid calculated by the procedure already de¬ 
scribed. 

According to Fugita & Iwataki [1935] the estimation of ascorbic acid is more 
accurately carried out using metaphosphoric acid instead of trichloroacetic acid 
extracts. Simultaneous determinations have also been made using their 
procedure. 

Table I. The, ascorbic acid content of various tissues as calculated from the amount 
of iron reduced by trichloroacetic acid extracts and from the amount of dye 
reduced by trichloroacetic acid or metaphosphoric acid extracts . 


Trichloroacetic acid Metaphos- % of indophenol value 
extract phoric acid estimated by 



( -- 

'-^ 

extract 

f - " 1 

^—— -»— 


Iron 

Dye 

Dye 

{a) Iron 

(6) Colon. 

Tissue 

reduction 

titration 

titration 

reduction 

metrict 

1. Rat livers 

0-21* 

0*29 

0*27 

72 

67 


0-22 

0*28 

— 

75 

— 

2. Rat spleens 

0*30 

0*50 

— 

00 

100 


0-31 

0*48 

— 

64 

88 

3. Rat kidneys 

014 

0*34 

0*22 

41 

46 


013 

0*35 

— 

40 

62 

4. Chick livers 

0*13 

0*38 

0*35 

_ 


5. Ox adrenals: 

Oil 

0*37 

0*37 

— 

— 

A. Fresh 

0*59 

1*39 

1*21 

53 

— 


0*78 

1*24 

1*30 

63 

— 


0*58 

1*67 

— 

34 

30§ 


0*49 

1*02 

— 

30 

B. Frozen, 4 months 

0*44 

0*96 

0*96 

40 

_ 


0*42 

0*90 

— 

44 

— 

6. Orange juice 

0*45f 

0*47 

— 

96 

— 


* mg. per g. of tissue—average value of duplicate analysis, 
t mg. per ml. 

t Taken from tbe paper of Fugita et at. [1935, Table VTIIJ. 

§ Guinea-pig adrenals. 

It will be observed (Table I) that the amount of ascorbic acid in these animal 
tissues as calculated from the amount of iron reduced is always lower ij&L&n that 

1 The quarto sand was freed from iron by extraction with hot concentrated HCl. 
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obtained by the dye titration. This is particularly so in the case of the kidney 
and the adrenal. In general the results by iron reduction are in good agreement 
with those which were obtained by Fugita et al. [1935] using a colorimetric 
procedure involving the reduction of sodium tungstate in alkaline solution. 
According to Van Eekelen [1935] this colorimetric method gives low results 
when applied to the adrenal gland owing to the interfering action of adrenaline. 
Difficulties attending the estimation of ascorbic acid in kidney extracts are 
mentioned by Hopkins & Slater [1935] who found that the results are dependent 
upon the rate at which the dye titration is carried out. It still remains to be 
determined whether any of the values given in Table I represent the true ascorbic 
acid content of the particular tissue. 

Ascorbic acid estimations in orange juice by iron reduction and by dye 
titration have consistently given results which were practically identical. 

Millikan [1935] has shown that the rate of reduction of 2:6-dichlorophenol- 
indophenol by cysteine is very much slower than that obtained with ascorbic 
acid. We have observed a similar difference in the rates at which ascorbic acid 
and glutathione reduce ferric ion. When 1 ml. of a 0 001 M solution of ascorbic 
acid is added to each one of a series of solutions ranging in pH from 3*1 to 5*0 
and composed of 3*0 ml. phthalate-HCl or NaOH buffer, 0-5 ml. ferric chloride 
solution containing 0 05 mg. Feand 0*5 ml. of 0*001 M oca'-dipyridyl solution, 
the pink colour of ferrous dipyridyl develops immediately and in a few minutes 
reaches an intensity indicating quantitative reduction. When the experiment is 
repeated using 1 ml. of a 0-001 M solution of crystalline reduced glutathione 
instead of ascorbic acid no evidence of reduction is obtained in the first hour. 
A trace of colour is observed after 3 hours which develops slowly to reach 
maximum intensity in alx>ut 24 hours. It would thus appear that sulphydrvl 
compounds exert little, if any, influence upon the reduction of iron by tissue 
extracts under the conditions of these experiments. 

2. The reduction of iron salts by ascorbic acid. 

Assuming that ascorbic acid plays some role in the reduction of the iron in 
tissues, the question now arises as to the nature of the iron com pound(s) reduced 
at the hydrogen ion concentration of the tissue. Obviously some complex of iron 
and not ferric ion is involved. When ferric chloride is added to a series of 
Sorensen’s phosphate mixtures (pH 4-7-8-0) the iron is precipitated at approxi¬ 
mately pH >6*0 and the precipitated iron, we have found, is not reduced by 
ascorbic acid. We have already shown [McFarlane, 1934] that about 60% of the 
non-haematin iron in liver tissue is precipitated in the trichloroacetic acid fraction 
and is reducible by sodium hydrosulphite. Further, when a solution of ferric 
chloride is added to liver pulp the added iron is completely precipitated by 
50% alcohol. The iron extracted from tissues by trichloroacetic acid is all in the 
ferrous form and presumably is present in the tissues as a soluble ferrous complex 
possibly as ferrous ascorbate. Considering these facts and the observations of 
Starkenstein and Harvalik, already referred to, it would appear probable that 
an iron-protein complex is involved. 

We have taken lecithovitellin as an example of such an iron-protein com¬ 
pound. To a solution of lecithovitellin, prepared according to McFarlane [1932], 
and buffered at pH 7*4 were added aa'-dipyridyl and ascorbic add. A pink colour 
developed slowly and reached an intensity indicating quantitative reduction of 
the iron in a few hours. Reduced glutathione under the same conditions also 
reduced the iron of ledthovitellin but at an even slower rate. 
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It is now well known that hydroxy-organic acids combine with iron to form 
soluble unionized compounds. The influence of pH on the reduction of ferric 
lactate by ascorbic acid was next investigated. 

At pH <4*1 one mole of ascorbic acid reduced 2 atoms Fe. 

At pH 4-B-5-2 one mole of ascorbic acid reduced 1 atom Fe. 

At pH > 5*6 ascorbic acid failed to reduce any iron. 

According to Smythe [1931] lactic acid behaves as a dibasic acid when 
titrated in the presence of ferric chloride, the pK a for the alcoholic hydroxyl 
group being about 3-8. With ferric glutamate solutions we found that: 

At pH < 4-9 one mole of ascorbic acid reduced 2 atoms Fe. 

At pH 51-5-9 one mole of ascorbic acid reduced 1 atom Fe. 

At pH >6-1 no reduction took place. 

Smythe & Schmidt [1930] have observed that glutamic acid will retain some 
iron in solution at pH 5-0 but that it is all precipitated at pH 6-0. 

The inference from these findings is that some form of iron-protein combina¬ 
tion is a conditioning factor in so far as the reduction of tissue iron by ascorbic 
acid is concerned. 

3. A NOTE IN REGARD TO THE INHIBITION OF THE CATALYSIS OF THE 
OXIDATION OF ASCORBIC ACID BY HEAVY METALS. 

Mawson [1935] has shown that whilst the action of copper and of ferrous or 
ferric iron in catalysing the aerobic oxidation of ascorbic acid is retarded by 
glutathione, cysteine, cystine and H 2 S the same protective action of tissue 
extracts is not quantitatively accounted for on the basis of their content of 
sulphydryl compounds. Recently Hunter [1935] has isolated taurine in con¬ 
siderable amounts from the adrenal gland. Taurine, we have found, exerts no 
influence upon the copper catalysis of ascorbic acid oxidation. At the same time 
we have made some general observations in regard to the stabilizing action of 
several sulphur-containing compounds. 

We first found that a concentration of copper between 1 x 10' 4 and 5 x 10" 6 mg. 
just effects the complete oxidation, in 1 hour at 38°, of 0*18 mg. of ascorbic acid 
in a total volume of 5 ml. of phosphate solution, 1 pH 0*6. The effects of several 

Table II. Showing the influence of various sulphur compounds on the 
catalysis of ascorbic acid oxidation by copper. 

Composition of the test solutions: 

1-0 ml. 0-001 M ascorbic acid solution (standardized by iodine titration). 

1*0 ml. copper sulphate solution (2 x 10~* mg. Cu per ml.). 

1- 0 ml. 0-0001 M solution of the sulphur compound. 

2- 0 ml. phosphate buffer pH 6-6. 

% oxidation after 
incubation at 38° 


Sulphur compound for 1 hour 

Control—no sulphur compound 100 

Taurine 100 

Glutathione £5 

Cysteine hydrochloride 33 

Cystine 27 

Sodium diethyldithiocarbamate zero 


1 Sorensen’s phosphate mixture. The primary and secondary phosphates employed were three 
times recrystallized from glass-distilled water. All filtrations were made using Jena wintered 
filters. 
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compounds in inhibiting this oxidation were next investigated with the results 
shown in Table II. The general procedure used to estimate the reduced ascorbic 
acid remaining in the test solution was to add an excess of a solution of 2:6- 
dibromophenolindophcnol, which had been standardized against a standard 
ascorbic acid solution and against titanous chloride, and to back-titrate the 
excess of the dye with titanous chloride. 

It is well known that at extreme dilutions sodium diethyldithiocarbamate 
forms an orange-yellow coloured undissociated complex with copper. Com¬ 
pared with the other sulphvdryl compounds the action of glutathione was slight. 
Taurine or glycine even in 0*01 M solution has no effect. Even in the presence 
of the carbamate reagent ascorbic acid solutions in ordinary distilled water 
become increasingly unstable at pH >7-5. 

Further experiments (Table III) have shown that the oxidation of the 
ascorbic acid in orange juice left standing in the laboratory for 9 hours is 
abnost completely inhibited by adding sodium diethyldithiocarbamate and 
aa'-dipyridyl but is not affected by adding either reagent singly. In fact the 
addition of aa'-dipyridyl alone appeared to result in an acceleration of the 
oxidation. Glutathione has practically the same effect as the combination of 
dipyridyl and carbamate reagent. 

Table III. Showing the effect of <xaL f -dipyridyl, sodium diethyldithiocarbamate 
or glutathione on the rate of oxidation of ascorbic add in orange juice. 

Asporbie arid 
(mg./ml. orange juice) 

Zero After ° 0 

Test solutions » hour 9 hours oxidation 


1 ml. orange juice i 2 ml. H t O* 0*46 0*18 61 

1 ml. orange juice -t 1 ml. 0*001 M dipyridyl +-1 ml. H t O 0*41 0*09 78 

1 ml. orange juice 4 2 ml. 0*001 M dipyridyl + 1 nil. H 2 0 0-39 0 06 85 

1 ml. orange juice 4 1 ml. 0*001 At carbamate + 1 ml. H t O 0*44 0*16 64 

1 ml. orange juice 4 1 ml. 0*001 At carbamate -t 1 ml. 0*(MX)1 .1/ 0*46 0*42 9 

dipyridyl 

1 ml. orange juice 4-2 ml. 0*02 M glutathione 0*46 0*40 13 


* Three times redistilled from glass ami also used as the solvent for the other reagents employed. 


The observation of Mawson in regard to the factors influencing the stability 
of ascorbic acid in fruit juice is therefore eonfirmed and extended. The applica¬ 
tions of these reagents in facilitating the ascorbic acid analysis of plant juices 
and in the preparation of stable aqueous solutions of ascorbic acid are obvious. 

Summary. 

The results of some experiments in vitro on the redu ction at different pH values 
of ionic iron, iron in combination with lactic acid, glutamic acid or protein by 
ascorbic acid indicate that the reduction of tissue iron in vivo by ascorbic acid 
must involve some form of iron-protein complex. The relative capacities of 
extracts of several tissues to reduce Fe'" and 2:6-dichlorophenolindophenol have 
been quantitatively measured. 

The catalysis of ascorbic acid oxidation by copper is inhibited by the 
following substances, in order of decreasing activity, sodium diethyldithio¬ 
carbamate, cystine, cysteine and glutathione but not by taurine or glycine. The 
aerobic oxidation of ascorbic acid in orange juice is inhibited by adding aa'- 
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dipyridyl and sodium diethyldithiocarbamate together. It is not affected by 
adding the carbamate reagent alone but may actually be accelerated by the 
single addition of dipyridyl. 

Acknowledgement is made to the Carnegie Research Grants Committee of the 
University for assistance in defraying the expense of this work. 
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CCVIII. CARBOHYDRATE CATABOLISM 
IN CEREBRAL CORTEX. 

By KENDAL CARTWRIGHT DIXON. 

From the Biochemical Laboratory , Cambridge . 

(Received 25 June 1936.) 

Pasteur [1861; 1875] suggested that the presence of oxygen decreases the rate 
of sugar destruction by yeast, and also suppresses or diminishes the accumulation 
of anaerobic cleavage products. Accordingly the Pasteur effect may l>e defined 
as the effect of oxygen in reducing carbohydrate catabolism and in diminishing 
or suppressing the accumulation of the products of anaerobic metabolism. This 
definition involves two characteristics. It is evident that the first characteristic 
of oxygen in causing the Pasteur effect of necessity involves the second, since if 
there is decreased catabolism of carbohydrate less cleavage products must be 
formed. However, decrease in the formation of anaerobic cleavage products does 
not necessitate decreased carbohydrate catabolism. It is thus merely redundant 
to add the second characteristic in defining the Pasteur effect, although in the 
loose definition often given, it is often this characteristic which is mainly 
accentuated. 

Accordingly it is necessary to demonstrate that the presence of oxygen causes 
a decrease in the rate of carbohydrate catabolism for it to be certain that the 
Pasteur effect is in operation. This has been shown by Meyerhof [1920] in the 
case of the destruction of glycogen by frog muscle and by Negelein [1925, 1] 
in the case of the red blood corpuscles of the goose and the rabbit acting on 
glucose. Negelein, however, measured the rate of carbohydrate destruction in 
the presence of cyanide instead of the anaerobic rate. 1 In no other tissue has the 
Pasteur effect been unequivocally demonstrated. Most work on the subject 
involves measurements of oxygen uptake as well as of glycolysis. 2 From the 
values of the respiration and the glycolysis under aerobic conditions and of the 
anaerobic glycolysis it may lx* inferred that the carbohydrate destruction is 
reduced in the presence of air, although this inference does not amount to a rigid 
proof. 

The present communication shows how the rates of anaerobic and aerobic 
carbohydrate catabolism by brain cortex slices can be calculated indirectly from 
the rates of respiration and glycolysis and further demonstrates that this 
method of calculation is justified by actual measurements of the rates of sugar 
disappearance under these various conditions. It is thus shown definitely that 
the Pasteur effect is in operation in slices of cerebral cortex acting on glucose 
in vitro ♦ 

Experimental results and discussion. 

In considering this problem we adopt certain new symbols to express the 
rate of carbohydrate disappearance. The rate of disappearance of hexose is 
expressed by the symbol #<v this represents the number of fil. of hexose sugar 

1 Except in the case of two experiments which he performed on tumour tissue and in which 
the effect of oxygen on the rat© of sugar destruction was to cause only a small percentage 
diminution. 

* By the term glycolysis we mean either the formation of lactic acid in animal tissues or of 
ethyl alcohol and carbon dioxide in plants. 
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expressed as a gas at n.t.p., which disappears per mg. dry weight of tissue per 
hour. Since it is conventional to represent the rate of disappearance of a sub¬ 
stance by a negative number, Q c% is always negative if sugar is being destroyed. 
The symbol Qf* represents the rate of sugar disappearance under anaerobic 
conditions, whilst #1-5 is the aerobic rate of disappearance. When #1;J is numerically 
less than Qf,* the Pasteur effect is in operation, since the rate of carbohydrate 
destruction is less in oxygen than in anaerobiosis. 

In cerebral cortex it is possible to calculate # c# from the rates of glycolysis 


and respiration. 

The equations C 6 H 12 0 6 =2C 3 H 6 0 3 .. fc ...(l), 

Lactic acid 

and C 6 H 12 0 6 +60 2 - 6C0 2 + 6H 2 0 .(2), 


represent respectively the glycolytic and respiratory processes occurring in 
brain supplied with glucose. The respiration of other intracellular substrates 
apparently does not occur in the presence of added glucose or lactate, since with 
these substances the respiration remains constant, whilst without substrate it 
falls rapidly [v. Dixon, 1935]. 

Further by equation (1) 



and by equations (1) and (2) 

QOi _ * 1 * 

Vre- “2 T 6 . 

Q c% is naturally negative as it expresses a rate of disappearance; this explains 
the negative signs preceding # M in the above equations, since # M is positive 
when lactic acid is being formed. # 0g is always negative. 

We will now consider an example of the calculation of #*“ and #[?J. In an 
experiment on slices of rabbit’s brain cortex, using the two-vessel method of 
Warburg [1924], I found the following metabolic rates (see Table I): 

Table I. 

Qo, 

-8*3 2-8 20-7 

From these figures — ™’- 7 = —10-35, 

while #[!*=— Y + = - 2-78. 

Thus Ql\ is numerically less than #£*. We therefore conclude that the Pasteur 
effect is operating. It might, however, be argued, although the sugar dis¬ 
appearance, as calculated above, is reduced by the presence of oxygen, that the 
absolute rate of disappearance is not really reduced, but that some inter¬ 
mediary other than lactic acid is accumulating. This was rendered unlikely by 
the results of some experiments kindly communicated to me by Dr E. G. Holmes. 

Dr Holmes measured the aerobic rate of sugar destruction by brain cortex 
slices and obtained simultaneous measurements of the lactic acid production 
(by chemical method) and of the C0 2 of respiration (by the method of M. Dixon 
& Keilin). It is clear from his results that the sugar destroyed can be mainly 
accounted for by lactic acid production and respiration and that at any rate 
* These symbols are defined by Warburg [1925] and Negelein [1925, 2]* 
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there is no accumulation of an intermediary (other than lactic acid) in amount 
sufficient to account for the effect of oxygen in reducing glycolysis. 

To justify the above conclusions it was, however, necessary to measure 
simultaneously the rates of sugar disappearance in oxygen and in nitrogen. 
Accordingly experiments were performed in which definite amounts of glucose 
were added to brain slices suspended in bicarbonate Ringer. The slices were 
then incubated both under aerobic and anaerobic conditions, and the sugar 
remaining in the Ringer was estimated by the Hagedom-Jensen method. 

In actual practice 0*2 ml. of 0*3-04 % glucose was added to the brain slices 
(3-10 mg. dry weight) suspended in Ringer. At the end of the experiment 1 ml. 
of 40% trichloroacetic acid was added to the suspension. After standing 
15 min. the suspension was filtered quantitatively into a 25 ml. graduated flask 
and the sugar content estimated. The slices remaining on the filter paper were 
dried and weighed. The original sugar present was estimated in the presence of 
identical concentrations of trichloroacetic (and Ringer’s solution). In one set of 
experiments the original sugar was incubated and filtered in the same manner as 
the solutions containing the slices. This did not affect the final result. The initial 
concentration of sugar in the Ringer was 0*04-0*05 %, the total amount of sugar 
added being 0*5-0*8 mg. The experiments lasted for 1 hour. The results of these 
experiments are tabulated below (Table II): 

Table II. 

mg. sugar 
loss per 
hour 

Exp. 1. 

A slices incubated in <) 2 containing 5% (T> 2 0*147 

H slices incubated in O a containing 5° f> CO, 0*133 

r slices incubated in X 2 containing 5° t) C0 2 0*287 

D slices incubated in X 2 containing 5% 0O 2 0*247 

Exp. 2. 

A slices incubated in O a containing 5% 170, 0*101 

11 slices incubated in 0 2 containing 5° 0 C0 2 0*209 

V slices incubated in containing 5% CO* 0*384 

D slices incubated in X 2 containing 5 % C0 2 0*350 

Exp. 3. 


A slices incubated in 0 2 containing 5% 

CO, 

0*159 

5*04 

0*032 

- 4*0 

B slices incubated in 0 2 containing 5% 
(0*1 Jf KC1 added to Ringer) 

C slices incubated in N a containing 5% 

CO, 

0*318 

3*54 

0*090 

- 11*2 

CO, 

0*292 

3*48 

0*084 

- 10*5 


(In all the experiments the vessels containing the slices were shaken in a bath at 37 .) 

It is clear from the above results that Q* is always numerically less than . 
In other words the Pasteur effect is operating in cerebral cortex. Further, the 
addition of Mj 10 KC1 inhibits the Pasteur effect and raises the aerobic catabolism 
of carbohydrate approximately to the normal anaerobic level [v. Ashford and 
Dixon, 1935]. We thus find that the indirect method of demonstrating the 
Pasteur effect is, in brain at any rate, substantiated by absolute measurements 
of the rate of sugar disappearance. 

Summary. 

1. The data necessary for the demonstration of the Pasteur effect are defined. 

2. Symbols representing the rates of carbohydrate destruction under aerobic 
and anaerobic conditions are introduced—the symbols are Q& and Q*! respec- 

95-2 


Dry wt. 
of slices 
in mg. 

Sugar loss 
in mg. per 
mg. dry vvt. 
per hour 


7*70 

0*019 

2*4 

6*24 

0*021 

2*0 

4*64 

0*002 

7*7 

5*05 

0*049 

6-1 


5*81 

0*028 

3*5 

8*04 

0*026 

3*2 

551 

0*070 

8*7 

5*37 

0*065 

8*1 
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tively. The calculation of these rates from the rates of respiration and glycolysis 
is described. If $‘J is numerically less than Qfl the Pasteur effect is in operation. 
This is shown to follow from the values of the respiration and glycolysis in 
cerebral cortex. 

3. The absolute rates of glucose destruction by brain cortex slices under 
aerobic and anaerobic conditions have been measured. It is Bhown that (?[!* is 
numerically less than <$:« when these quotients are measured directly as well as 
when they are calculated from the respiration and glycolysis. 

4. The addition of potassium chloride (one of the so-called inhibitors of the 
Pasteur effect) raises the aerobic destruction of sugar to the anaerobic level. 

I wish to thank Sir F. G. Hopkins for his kind interest in this work, and also 
Dr B. G. Holmes and Dr Malcolm Dixon for their advice and criticism. 
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CCIX. THE EFFECT OF RISE IN TEMPERA¬ 
TURE ON THE CARBOHYDRATE CATABOLISM 
OF CEREBRAL CORTEX. 


By KENDAL CARTWRIGHT DIXON. 

From the Biochemical Laboratory, Cambridge. 

(Received 25 June 1930.) 

The effect of rise in temperature on the respiration and glycolysis of animal 
tissues has been studied by Kubowitz [1929J and by Nakashima 11929]. Kubo- 
witz using frog retina showed that aerobic glycolysis suddenly becomes apparent 
above 35°. Tlie Pasteur effect is abolished above this temf>erature since the 
Meyerhof quotient descends to zero. Nakashima employed fish retina, which, 
like amphibian and unlike mammalian retina, shows little or no aerobic lactic 
acid production at normal temperatures. Nakashima found that in fish retina 
rise in temperature from 30 to 37-5 produces a large aerobic glycolysis, but here 
in contrast to frog’s retina respiration is increased. The anaerobic glycolysis is 
also increased, but in spite of tfiis Nakashima concluded that there is inhibition 
of the Pasteur effect embodying a fall in Meyerhof quotient at this high tempera¬ 
ture. In the present communication the effects of abnormally high temjie rat ures 
on the metabolism of cerebral cortex are described. 


Methods. 

►Slices of rabbit’s brain cortex were employed. The respiration and glycolysis 
were measured by the two-vessel method of Warburg f1924]. Bicarbonate 
Ringer containing 0-2% glucose was employed throughout. 

The ordinary symbols denoting the rates of respiration and glycolysis are 
employed [v. Warburg, 1925; Negelein, 1925J. The symbols Q"; and Q'* as 
described by Dixon [1936] are also employed to represent the rates of sugar 
destruction in oxygen and in nitrogen respectively. These quotients are calcu¬ 
lated from the respiratory and glycolytic rates as described by Dixon. 


Experimental results and discussion. 


The results of a number of experiments at 37, 42 and 45 are shown in 
Table I. 


Table I. 



Temp. 

... 37‘ 





42 1 





4.V 



«0| 

c 


«5' 

<&* 

Vo* 


*16 

vi* 



Q7 


<?*** 

Q s * 

6 


141 

-1-9 


— 

-8-0 

2-3 

-2*3 

— 

— 

— 

— 

— 

— 

— 

-8*7 

34 

-34 

— 

— 

-8*2 

44 

-34 

— 

— 

— 

— 

-- 

— 

— 

-8*1 

3-0 

-2*9 

19*5 

- 9*8 

-9-4 

44 

-3-8 

21*0 

-10-5 

— 

— 


— 

— 


_ 

_ 

2M) 

-10*5 

— 

— 

— 

200 

-1341 

-17-0 

11 4 

-8*5 

39 

-19*5 

— 

— 

— 

/194) 

U9*0 

- 9*51 

- 951 

- 

- 

- 

- 

- 

-130 

8*0 

- 0*2 

f3R 

\32 

-17-5 
—10*0 

-9-0 

2-0 

-2*8 

_ 

_ 

— 

— 

— 

— 

— 

-10*8 

9-3 

-74 

— 

— 











1-10*8 

12-8 

-90\ 




—* 

— 








\-Hi-7 

8-0 

-7-41 


—— 


* At 45° the anaerobic glycolysis was measured over the first period of 20 min,, since it falls rapidly. The of iter value 
were obtained over periods of 40 min. or 1 hour. 
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At 42° there is only a small rise in the rate of aerobic and anaerobic carbo¬ 
hydrate catabolism above those at 37°. None of the metabolic reactions as 
measured by the various quotients appears much increased by this rise in 
temperature. 

At 45°, however, the picture is entirely different. There is an enormous in¬ 
crease in the rates of respiration and anaerobic and aerobic glycolysis above the 
values at the lower temperatures. The rate of carbohydrate catabolism ($ c< ) is 
accordingly also much increased at 45° above that at 37 and 42°. 

It is clear that both the anaerobic and the aerobic rate of carbohydrate 
catabolism suffer an enormous increase on raising the temperature to 45°. The 
respiration is also increased. These effects are like those described in fish retina 
by Nakashima [1929]. However, it does not appear that the Meyerhof quotient 
is markedly reduced at 45°, values between 1*6 and 2-1 being obtained from the 
above figures. In normal brain the Meyerhof quotient is about 2. It would thus 
appear that the aerobic glycolysis is due to the fact that the respiration is no 
longer sufficient to suppress the increased glycolysis. Specific inhibition of the 
Pasteur effect has probably not occurred. The Pasteur effect is certainly working 
at 45° since oxygen still reduces the rate of carbohydrate catabolism at this 
temperature. It is possible, had Nakashima been able to calculate the Meyerhof 
quotient from the values of glycolysis and respiration obtaining initially, that in 
fish retina also the Meyerhof quotient would have proved not to be subnormal at 
high temperatures. 

In measuring the anaerobic glycolysis at 45° it is necessary to obtain readings 
in the first 20 min. (i.e. after 20 min. equilibration time). The anaerobic glyco¬ 
lysis at 45° falls very rapidly. This fall is not experienced at 37 or 42°. This will 
be clear from Table II, which also shows that aerobic glycolysis and respiration 
at 45°, although changing with time, remain much more constant than does the 
anaerobic glycolysis. 

Table II. 

Successive 20 min. 

periods from 
commencement 


of readings 
Exp. 1. 

]st 

2nd 

3rd 

4th 

5th 

6th 

7th 

<>£* at 37° 

21 

19 

22 


- 

— 

— 

<?£* at 42° 

26 

28 

25 

— 

— 

— 

— 

Cm* at 45° 

39 

26 

10 

— 

— 

— 

~ 

Exp. 2. 








<?£* at 37° 

19 

* 17 

16 

17 

19 

17 

— 

at 45° 

35 

22 

17 

11 

6 

6 

4 

VjJ* at 46° 

32 

18 

11 

7 

— 

— 

4 

at 46° 

8 

8 

13 

10 

12 

6 

5 

4fo, 45° 
Exp. 3. 

-18 

-13 

-15 

-9 

-9 

-6 

-5 

<4* at 46° 

33 

22 

13 

6 

4 

4 

3 

at 45° 

36 

24 

11 

9 

5 

5 

4 

at 45“ 

6 

6 

9 

11 

10 

9 

6 

Qo s at 45“ 

-16 

-12 

-15 

-11 

-10 

-9 

-5 


Exp. 4. 

V'm at 43° 9 15 13 

©o t at45° -17 -16 -13 
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The reversibility of this effect of high temperature in increasing the rate of 
carbohydrate catabolism has been studied. Two parallel experiments with tissue 
from the same brain were carried out at 45°. The manometers containing the 
slices were then transferred to a bath at 37°. Finally the manometers were re¬ 
introduced to the bath at 45°. The results are shown in Table III. In this table 
figures in the same vertical column represent the metabolic rates of the same 
tissue at the different temperatures. 


Table III. 


Temp. 

1 (\ 


Exp. A 



Exp. B 


Qo % 


OS 




45 

-16-8 

12-2 

- 8*9 

-167 

8-6 

-71 

37 

- 8-8 

2*6 

- 2*8 

- 7-7 

3*0 

-2*8 

45 

- 7-5 

12*2 

-7*4 

- 7-4 

11-5 

-6*9 


It appears that the effect on the aerobic glycolysis and carbohydrate cata- 
Ijolism is largely reversible. Respiration, aerobic glycolysis and carbohydrate 
catabolism all fall alike on transferring the tissue from the bath at 45 5 to 
that at 37°. The high glycolysis and carbohydrate catabolism are regained on 
reintroduction into the bath at 45°. It is not certain whether the effect on the 
respiration is reversible since the high rate cannot be recovered on reintroduction 
into the bath at 45°. The rate of respiration in any case falls at 45°. It is certain 
that the effect on the catabolism of carbohydrate is reversible. The low normal 
rate of destruction of carbohydrate is recovered at the lower temperature. 

The main result of these experiments on the effect of temperature on the 
metabolism of brain is that a rise in temperature from 37 to 42° only produces a 
very slight increase in metabolic rate, whilst on raising the temperature to 4o c the 
metabolism increases enormously. At 42° the respiration is scarcely raised above 
the normal value at 37°, nor is there any marked increase in aerobic glycolysis. 
At 45°, however, the respiration may be increased by 100 % whilst marked 
aerobic glycolysis becomes evident, this being sometimes as much as six times as 
great as the normal value at 37°. Table IV shows the aerobic rates of carbo¬ 
hydrate (hexose) catabolism (Q\'D calculated from the rates of respiration and 
glycolysis at these three temperatures. 

Table IV. in brain at various temperatures. 


37 ; 

42° 

45'’ 

-2*9 

-3*8 

— 

-3*0 

-3*4 

— 

- T9 

-2*3 

— 

-2*8 

— 

- 7*45 

— 

— 

-8*9 

— 

— 

-7*0 


This table emphasises the sudden rise in the rate of aerobic carbohydrate 
catabolism seen between 42 and 45°. I have not yet obtained many figures for the 
rates of anaerobic glycolysis at these various temperatures, but from those 
described above it would seem that a similar, though not so marked, rise in the 
rate of carbohydrate catabolism occurs between 42 and 45°. Here the question 
is complicated by the fact that at 45° the rate of anaerobic glycolysis falls rapidly 
with time. 

The relation between temperature and rate of chemical reaction is given by 
the equation of Arrhenius. This may be expressed in the form 

log^JTd/^-l/T,), 
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where k t and k 2 are the rates of reaction at the absolute temperatures T x and 1\ 
respectively, and K is a constant. From this it is seen that the logarithm of the 
velocity of the reaction is proportional to the reciprocal of the absolute tempera¬ 
ture. There should in fact be a linear relation between the logarithm of the 
velocity and the reciprocal of the absolute temperature in the 4 reactions of living 
cells. 

The results so far obtained on the rates of carbohydrate catabolism at dif¬ 
ferent temperatures are represented graphically in Fig. 1. The logarithm of the 
velocity of carbohydrate destruction (iog 10 — Q C J is plotted against the reciprocal 
of the absolute temperature. It is clear from Fig. 1 that the results do not 
subscribe to the Arrhenius law. The velocity of the reaction increases much 
more rapidly between 42 and 45° than one would expect from the rates at 37 and 
45°. Crozier [1924; see also Barcroft, 1932], has emphasised the fact that many 
biochemical processes apparently ‘‘evade” the Arrhenius equation. In general 
the velocity at high temperatures is not so high as would be anticipated from 
those at lower temperatures if the Arrhenius law were followed. A good example 
of this is shown by the effect of temperature on the rate of reduction of methylene 
blue by various substances in the presence of Had. coli , as shown by Cook [1930]. 



Fig. J. The points connected by lines indicate observations obtained from the same brain. 
These lines are dotted where observations at the intermediate temperature (42°) were not 
obtained. • Signifies experiments conducted anaerobically, o Signifies experiments con¬ 
ducted aerobically. 

Barcroft [1934] suggests that some governing mechanism is at work by which 
the cell resists the changes produced by a varying environment. In the case of 
cerebral cortex it would appear that this governing mechanism may break down 
above 42° and hence the abrupt rise in the rate of carbohydrate catabolism above 
this temperature. 
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These results are only of a preliminary nature and it is hoped later to extend 
the curves over a more complete range of temperature. One is, of course, only 
justified in regarding respiration and glycolysis as one reaction if both these 
processes have an initial common path, which is the reaction limiting them both. 
Otherwise we could not regard the total aerobic rate of carbohydrate destruc¬ 
tion Q C(i as measuring the rate of one reaction. But, at any rate, the same type of 
non-linear relation is obtained when the above treatment is applied to the 
respiration and glycolysis individually. The* procedure followed above allows one 
to obtain readily a conception of the combined effect of respiration and glycolysis 
on the total rate of carbohydrate catabolism. 

It is interesting to compare these effects of rise in temperature on the 
metabolism of rabbit’s brain with the result of certain experiments of Marsh 
[1930]. Marsh noted that somewhere between 108 and 110° F. rabbits lose 
consciousness. 109' F. incidentally corresponds to 43 c C. which is inside the 
temperature range (42-45°) where the metabolism of brain commences to become 
abnormal. It would seem that up to this level there is some regulating mechanism 
at work. When this breaks down carbohydrate catabolism runs riot in the brain 
cells and consciousness is simultaneously lost. It would thus appear that there 
may be a connection between the physiological process of consciousness and the 
rate of carbohydrate catabolism in the brain. Barcroft [1935] has pointed out 
the small size of the range of temperature over which the brain can function 
normally. It seems probable that the upper limit of this range is determined by 
this rapid rise in metabolic rate, though it also is possible that both the extent of 
this range ami the metabolic rate are decided bv some structural condition of the 
cell. 

1 have made one experiment so far in an attempt to ascertain more precisely 
the temperature at which this marked change in metabolism occurs. It con¬ 
sisted in measuring the metabolism of brain at intervals of 1 3 rise of temperature 
successively at the various temperatures between 42 and 45 c . The results are 
seen in the following table (Table V): 



Table V. 


Temp. 


c l\ 

Vo, 


42 

- 8-4 

2*7 

43 

- 10-8 

3*4 

44 

- 11*3 

5*5 

45 

-110 

11*3 


(Bicarbonate concentration uaed in this experiment was 0*04 Af ; usually 0-025 M is used. This 
concentration does not however change the metabolism at 42 from its normal value.) 

It will be seen that the chief rise in respiration occurs between 42 and 43\ 
Rabbits lose consciousness at about 43° (Marsh). Above this temperature little 
further rise in respiration occurs, though the aerobic glycolysis is markedly 
inoreased. This experiment suffers from the fact that a time effect may be in part 
responsible for the change of metabolism. We do know, however, that time of 
incubation has little effect on the metabolic quotients at 42°. At 45° however 
respiration does fall considerably with time. It would further appear that the 
main rise in glycolysis occurs when the respiration has reached its maximum. 
This could be well interpreted on the view that respiration and glycolysis have 
an initial commdn path. When the oxidative removal of some intermediary in 
the glycolytic chain has reached its maximum, then further increase in the rate of 
the initial reaction merely increases the rate of accumulation of lactic acid. 

Further work is required on the effect of temperature on glycolysis and 
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respiration in brain. It is clear, however, that a marked change in the type of 
metabolism occurs when we surpass the temperature limit which is compatible 
with the life of the whole animal. 


Summary, 

1. The rates of respiration and of aerobic glycolysis in brain cortex at 42° 
are only slightly higher than these rates at 37°. At 45° however the respiration is 
increased by 100% above that at 37° and the aerobic glycolysis is increased 
many fold. 

2. A similar abrupt rise in rate above 42° is also observed in the anaerobic 
glycolysis though this falls extremely rapidly at 45°. 

3. The aerobic glycolysis at 45° is due to the disproportionately great 
increase in glycolysis in relation to the increase in respiration. There is no 
specific inhibition of the Pasteur effect, since the Meyerhof quotient is normal. 

4. The results obtained show that the rates of carbohydrate catabolism in 
brain at various temperatures do not follow the Arrhenius law. The rate of 
catabolism rises very abruptly above 42°. 

I wish to thank Sir Joseph Barcroft for his kind interest in this work. 
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Meyerhof [1919] first observed the oxidation of lactic acid in presence of 
muscle and demonstrated the participation of a coenzyme in this oxidation. 
Szent-Gyorgyi and his co-workers [Szent-Gyorgyi, 1925,1,2; 1930; Banga et al. 
1931; 1932; 1933] then studied in great detail the properties of the lactic 
coenzyme prepared from heart muscle and went a long way towards elucidating 
its chemical nature. Since the first description of the lactic dehydrogenase of 
animal tissues, some hundreds of papers have been written on the subject—most 
of vrhich are discussed in Euler s monograph [1934]. But despite the vast 
accumulation of literature, definite information is lacking concerning the most 
fundamental characteristics of the lactic dehydrogenase, e.g. the nature of the 
oxidation product, the mechanism of the reaction with molecular oxygen, the 
quantitative distribution in various tissues, the role of the coenzyme etc. 
The difficulty which has impeded progress in the systematic investigation of 
this enzyme has been the inability of the various investigators to prepare an 
extract which could oxidize lactic add aerobically with an appreciable velocity. 
In consequence, the study lias been carried out mainly with minced tissue which 
allows of but a limited analysis; and in those cases where active extracts 
were prepired, the oxidation of lactic acid was measured only anaerobically in 
Thunberg tubes. 

The purpose of the present investigation was to analyse the conditions neces¬ 
sary for the aerobic oxidation of lactic acid by the dehydrogenase system of 
animal tissues and to study in detail the properties and characteristics of the 
different components of the catalytic system. One of the significant conclusions 
which may be drawn from our study is that short-duration methylene blue 
experiments may present an unreliable account of the oxidation process, and 
that no study of dehydrogenases based entirely on simple methylene blue tube 
experiments can throw much light on the question of mechanism of reaction. 

I. Preparation of the components . 

Enzyme . The heart of the pig offers the most convenient source of the lactic 
dehydrogenase. The method of preparation however is generally applicable to 
the various tissues of any animal. Four hearts are divested of fat and connective 
tissue, passed through a Latapie mincer and washed exhaustively wdth tap 
water until the washings are haemoglobin-free. The washed mince is mixed wdth 
sand and 500 ml. Mj50 phosphate buffer of pH 7 and ground to a fine paste in a 
mechanical mortar. The sand and insoluble debris are filtered off through muslin. 
The filtrate is centrifuged hard for 20 min. and the sediment resuspended in 
200 ml. M/5 phosphate buffer of pH 7*2 (solution A) whilst the supernatant fluid 
is treated with 50 ml. M/2 acetate buffer of pH 4*6, and the flocculent precipitate 
centrifuged. The supernatant is discarded and the precipitate resuspended in 
200 ml. Mj5 phosphate buffer pH 7*2 (solution B). Both solutions contain an 
1 Beit Memorial Medical Research Fellow. 
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active lactic dehydrogenase. Usually the greater activity is found in solution B 
but the reverse has been observed in a few instances. Solutions A and B may be 
clarified extensively by prolonged centrifuging with little loss in activity. The 
enzyme is soluble but under certain conditions may be removed from solution 
by adsorption on impurities. The enzyme may be kept active for a long period 
in the form of a powder by drying in vacuo the centrifugates which are used to 
prepare solutions A and B respectively. In solution the enzyme retains the 
greater part of the original activity for 5-8 days when kept at 0°. 

It is not necessary to use phosphate buffer exclusively. Bicarbonate, glycine 
and borate buffers are also satisfactory for most purposes. 

Coenzyme, Baker’s yeast is particularly rich in the coenzyme for the lactic 
dehydrogenase of animal tissues. The method of preparation follows closely that 
of Myrback [1933] for the preparation of cozymase. 9 kg. of veast are crumbled 
into 6 litres of 2 % sulphuric acid maintained at 80°, and the mixture is vigorously 
stirred for 15 min. The yeast is filtered off on large Buchner funnels. 2 litres of 
saturated lead acetate (slight excess of reagent) are added to the filtrate and the 
precipitate filtered off and discarded. The filtrate is mixed with 700 ml. of 
saturated lead acetate, and 3-5 litres of hot saturated baryta are cautiously added 
to bring the pH to 9 (blue to thymolphthalein). The lead precipitate is filtered, 
washed thoroughly with water and decomposed in 3 litres of 0-0 N sulphuric 
acid. The lead sulphate is removed by filtration, and the filtrate is mixed with 
300 ml. of a 25% solution of phosphotungstic acid. Part of the precipitate is 
more or less colloidal and defies direct filtration. However, by impregnating the 
filter paper with a small amount of kieselguhr, all the precipitate is held back and 
the filtrate is perfectly clear. The filtration is extremely slow. The phoapho- 
tungstate precipitate is decomposed by suspending in 500 ml. of 10% sulphuric 
acid and shaking the suspension vigorously with 2 volumes of a mixture of equal 
parts of amyl alcohol and ether. Usually an emulsion is formed which does not 
easily settle out. In that event, it must be centrifuged. The extraction is repeated 
with half the original volume of amyl alcohol and ether. The aqueous layer is 
filtered and the sulphuric acid removed with 1200 nil. of cold saturated baryta 
(final pH = 5), The deep yellow-brown colour observed in the previous stages is 
removed by the barium sulphate precipitate, and the filtrate now appears pale 
yellow. The volume is brought down by distillation in vacuo to 800 nil. and the 
slight precipitate filtered off. The pH is now adjusted to 7 with NaOH. This 
solution is stable for months wlurn kept at 0°. It is advisable to use octyl alcohol 
as a preservative. 0*3 ml. or less of the coenzyme solution will activate 1 ml. 
of the lactic enzyme practically maximally. 

The exact quantities used in different preparations are somewhat variable, 
and should be redetermined in each isolation experiment by small scale trials. 

II. The condition for linear oxidation . 

Suppose that given solutions of enzyme, coenzyme, lactate and methylene 
blue are mixed and the oxygen uptake measured. A rapid uptake is found to 
ensue for 5-10 min. and then the rate falls off sharply, so *that at the end of 
1 hour the final uptake is only slightly greater than at the end of the first few 
minutes. This effect can be explained in either of two ways: the enzyme is rapidly 
destroyed, or some product of the reaction inhibits the enzyme very strongly. 
It seemed more likely that the second alternative was the correct one and that 
the product of the oxidation of lactic acid, presumably pyruvic acid, was the 
agent responsible for the inhibition. Therefore if some means could be found of 
removing or fixing the pyruvic acid, the oxygen uptake should be linear for a 
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considerable period. Cyanide is known to combine with ketones and Fig. 1 shows 
that in presence of this reagent, the rate of oxidation does not fall off appreciably 
before the first half hour. The rate of oxidation is increased as the strength of the 
cyanide is increased until a maximum concentration is reached—beyond which 
the enzyme is inhibited. Apparently the equilibrium point of the reaction 

Pyruvic acid + HCN pyruvic cyanohydrin 

is not entirely to the right of the equation, and it is only with fairly high con¬ 
centrations of cyanide that most of the pyruvic acid is fixed. 



Fig. 1. Effect of cyanide on rate of oxidation of lactate. I ml. enzyme, 0*5 ml. coenzyme. 0*2 ml. 
2 M lactate and 0*1 ml. 0*5 ° n methylene blue in each experimental manometer cup (water in 
the control cup). The lactate was placed in a dangling Keilin tula* ami was introduced after 
equilibration. 

If the action of cyanide truly consists in combining with the pyruvic acid 
formed in the reaction, then the simultaneous addition of a large excess of 
pyruvate should abolish the cyanide effect whereas a small amount of added 
pyruvate should have little or no effect. Such is actually the case (Table I). It is 

Table I. Effect of pyruvate in presence and absence of cyanide. 

Each manometer cup contained 1 ml. enzyme, 0*2 ml. 2J/ lactate, 0-5 ml. coenzyme and 
0-1 ml. 0-fi % methylene blue. Oxygen uptake in pi. 


10 min. 20 min. 

Enzyme system+ 0*5 ml. M NaCN 79 149 

Enzyme system + NaCN +0*5 ml. 0*05 M pyruvate 74 157 

Enzyme system 4 NaCN 4-0*5 ml. 0*5 AT pyruvate 19 39 

Enzyme system +0*5 ml. 0*05 M pyruvate 6 9 


interesting to note that 0*05 M pyruvate almost completely inhibits the oxidation 
of lactic acid in absenoe of fixing agent although this concentration of pyruvate 
in presence of cyanide is without effect. 

Hydroxylamine and hydrazine can also act in the capacity of pyruvic 
fixatives providing they are used in non-toxic concentrations (Table II). 
Dimedon, ammonia and semicarbazide have no action. 

The experiments with cyanide have an interesting physiological significance. 
If the oxidation of lactate is to proceed linearly in the animal cell, there must be 




1492 


D. E. GREEN AND J. BROSTEADX 


Table II. Hydroxylamine and hydrazine as pyruvic fixatives . 


Control contains 1 -5 ml. enzyme, 0*3 mL coenzyme, 0-2 ml. 2 M lactate and <M ml. 0*5% 
methylene blue. 

Oxygen uptake in /xl. 


Control 

+0*5 ml. ilf/10 hydroxylamine sulphate 
+ 0*5 ml. M hydroxylamine sulphate 
+1 ml. ilf/20 hydrazine sulphate 
+1 ml. M/2 hydrazine sulphate 


10 min. 

30 min. 

15 

24 

50 

116 

6 

21 

32 

77 

0 

0 


some mechanism for the rapid removal of pyruvic acid, otherwise the oxidation 
would be prevented. Peters & Thompson [1934] have shown that pyruvic acid 
accumulates in avitaminous pigeon brain and this pyruvic acid largely dis¬ 
appears upon the addition of vitamin Bj. Peters and his co-workers have in 
their past work also established that the rate of oxidation of lactate in avitamin¬ 
ous brain is subnormal. Through the courtesy of Prof. R. A. Peters we were able 
to test the action of pure vitamin Bj on the isolated lactic system. The findings 
were negative as far as showing that the vitamin either prevents the accumula¬ 
tion of pyruvic acid or protects the lactic enzyme against the poisoning action 
of pyruvic acid. 

III. The product of oxidation. 

2:4-Dinitrophenylhydrazine does not precipitate pyruvic acid in presence of 
excess cyanide. However, the hydroxylamine compound of pyruvic acid is much 
more easily decomposed. The isolation experiment was therefore carried out 
with hydroxylamine as the fixing agent. 200 ml. of enzyme, 30 ml. of coenzyme. 
20 ml. of 2M lactate, 30 ml. of M hydroxylamine and 5 ml. of 0*5 % methylene 
blue solution were mixed and aerated vigorously at 37° for 5 hours. After 
deproteinization with trichloroacetic acid and concentration in vacuo to 100 ml., 
1 g. of 2:4-dinitrophenylhydrazine dissolved in 100 ml. of 2N HC1 was added. 
The solution was allowed to stand at 0° for several hours before the crystalline 
precipitate was filtered off (yield 1*3 g.). After two recrystallizations from ethyl 
acetate the m.p. was found to be 215*5° which is identical with that of the 
hydrazone of pyruvic acid. The mixed m.p. was also 215*5°. The following are 
the analysis figures (Weiler). (C, 40*49; N, 21*07; H, 2*93 %. C 9 H 8 0 6 N 4 requires 
C, 40*28; N, 20*90; H, 3*01 %.) 

If pyruvate is the sole product of the oxidation of lactate, then for each 
mol. of lactate oxidized, 1/2 mol. of oxygen should be taken up. Fig. 2 shows 
the oxygen equivalence of lactate in presence of the enzyme system. Actually 
the limiting value of 1 atom of oxygen is not reached within 5 hours. The velocity 
of oxidation falls off very rapidly with decreasing concentration of substrate and 
in practice only as much as 70 % of the theoretical uptake is obtained before 
complete destruction of the enzyme sets in. Since racemic lactate was used, the 
theoretical oxygen requirement was calculated on the basis that only half the 
lactate is oxidized, 

IV. p H. 

The lactic enzyme is unusually sensitive to the constituents of buffer mixtures, 
and since a variety of buffers is necessary to oover the pH range from 4 to 13, 
the pH curve accordingly appears discontinuous (Fig. 3). It must be abundantly 
clear that deductions from the shapes of pH curves as to the dissociation of 
enzyme substrate complexes are not always reliable. 



LACTIC DEHYDROGENASE 


1493 



Time in min. 
Fig. 2. 



Fig. 3. 


Fig. 2. The number of oxygen equivalents involved in the oxidation of lactate. The experimental 
manometer cup contained l*f> ml. enzyme, 0*3 ml. coenzyme, 0*4 ml. M NaCN (neutral) and 
U*l ml. I° 0 pyocyanine hydrochloride. The control without lactate was completely negative. 
The lactate solution was prepared from pure lactic acid syrup, the composition of which 
was checked by titration. 

Fig. 3. The effect of pH. After precipitation with acetate buffer, the enzyme was suspended in 
water and divided into 12 aliquot portions each of which was brought to a given pH. The final 
volumes after the adjustment of pH were the same in all cases. The manometer cups contained 
0*5 ml. neutralized enzyme, 2 ml. 3/75 buffer, 0-3 ml. coenzyme, 0*2 ml. lactate (in Keilin 
cups) and 0*1 ml. 0-5% methylene blue. 



Fig. 4. Fig. 5. 


Fig* 4. Effect of the concentration of lactate on the rate of oxidation. 1*5 ml. enzyme, 0*3 ml. 
coenzyme, 0*1 ml. 0*5% methylene blue and 0*4 ml. M NaCN were placed in all the experi- 
mental cups. 

Fig* 5. Effect of the concentration of ooenzyme on the rate of oxidation. 1*5 ml. enzyme, 0*1 ml. 
0*5 % methylene blue, 0*4 ml. M NaCN and 0*2 ml. 2 M lactate were placed in all the experi¬ 
mental eupe. 
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V. Effect of concentration of lactate and coenzyme. 

Fig. 4 shows the dependence of the rate of oxidation on the concentration of 
lactate. Below if/150 the rate falls off rapidly, which means in effect that very 
small quantities of lactate are not oxidized with an appreciable velocity. The 
Michaelis constant is approximately if/150. 

There is no critical concentration of coenzyme below which the rate of oxida¬ 
tion of lactate falls sharply (Fig. 5). The curve is linear at low concentrations of 
coenzyme and gradually approaches the value for the maximum rate of oxida¬ 
tion. It should be pointed out that an amount of coenzyme sufficient to saturate 
the enzyme in experiments with dilute methylene blue is insufficient when the 
methylene blue concentration is maximum for the activity of the enzyme. 


VI. Specificity of donator. 

The enzyme preparation in presence of the coenzyme oxidizes l( 4- )-lactate 
[180], 0-hydroxypropionate [66], malate [200], fumarate [236], a- [24], /?- [108] 
and y- [6] hydroxybutyrate. The oxidations were tested for both anaerobically 
and aerobically with the same results. A comparison was made of the relative 
speeds of oxidation of these substrates in equimolar concentrations. The 
numbers in brackets refer to the oxygen uptake in pi ./30 min. in presence of 
enzyme, coenzyme, methylene blue and cyanide. Fumarate, /(-f)-lactate, 
malate and j8-hydroxybutyrate are rapidly oxidized whereas a- and y-hydroxy- 
butyrates show only slight activity. 

The following substances are not oxidized: 'd( — )-laetate, lac tarn ide, malonate 
tartronate, glycerate, glycollate, mandellate, 3-phosphoglycerate, 2-phospho- 
glycerate, gluconate, a-glycerophosphate, acetate, alcohol, propionate, oxalate, 
acetaldehyde, pyruvate, citrate, serine, isoserine and glucose. It is interesting 
to note that lactamide (CH 3 . CH(OH). CONH 2 ) and isoserine (CH 2 NH 2 . CH(OH). 
COOH) are not oxidized to the slightest extent although their chemical resem¬ 
blance to lactic acid is very close. 

The optical isomerides of lactic acid were prepared (a) by the morphine method 
and (6) by the resolution of the zinc ammonium salts. The d( — )-salt prepared by 
the two independent methods was inactive (Table III). We are grateful to the 


Table III. Oxidation of d( —)- and 1( + )-lactate. 

Enzyme system: 1*5 ml. enzyme; 0-5 ml. coenzyme; 0*2 ml. 0*5% methylene blue and 0*4 ml. 

M NftCN (neutral). . 

0 2 uptake m pl./30 min. 


Enzyme system +0*5 ml. Jsf/5 d( - )-lactate 
Enzyme system +0*5 ml. M/5 l( + )*lactate 


Morphine 

lactate 

0 

90 


Zinc 

lactate 

0 

85 


Distillers Co. Research Dept, for specimens of the pure d- and /-zinc ammonium 
salts. 

The lack of chemical similarity between fumarate and lactate made it im¬ 
probable that the same enzyme system was responsible for the oxidation of both 
substrates. To test that point, the following experiment was performed. The 
times for the reduction of methylene blue in presence of the original enzyme 
system and the various substrates were measured (Table IV). The enzyme was 
then purified by treating thrice with kaolin, and the times of reduction again 
measured. If the same enzyme were involved in all these oxidations, the ratio of 
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Table IV. Specificity of the enzyme . 

Each Thun berg tube contained 1 ml. enzyme, 0*2 ml. M substrate, 1 ml. water and 1 ml. 
20 mg./100ml. methylene blue (in side-bulb). 

Reduction time of methylene blue 



Original 

Treated 3 x 

Treated 3 x with 


preparation 

with kaolin 

kieselguhr 

Lactate 

3 min. 15 sec*. 

6 min. 30 sec. 

5 rain. 

Malate 

2 ,, 30 ,, 

21 

14 „ 

Fumarate 

9 „ 

50 „ 

24 „ 

/?- H ydroxy propionate 

0- Hydroxy bu ty ra te 

7 „ 30 „ 

4 „ 10 ,, 

120 „ 

40 „ 

at> 

V, 


the various rates should be t he same regardless of the degree of purification of the en - 
zyme preparation. The results accordingly indicate that the /3-hydroxypropionate, 
fumarate, j3-hydroxybutyrate and malate enzymes are not identical with the 
lactic enzyme. The same type of result is observed when the enzyme preparation 
is purified by treatment with kieselguhr. The extensive change after purification 
in the ratio of the rate of oxidation of lactate to the rate of oxidation of the other 
substrates is not a final proof of non-identity. The problem of the number of 
enzymes involved will be further considered in payers dealing with the fumarate 
and j8-hydroxy butyrate enzymes. 

A lactic enzyme can l>e easily prepared from an autolysed suspension of 
Bad. coli by the method of Stephenson [1928] and from baker’s yeast by the 
method of Ogston & Green [1935]. A comparison was therefore made of the 
specificities of lactic enzyme preparations from different sources (Table V). The 


Table Y. Specificity of the ladic preparations from heart , Bact. coli 

and yeast. 



Heart 

Bart, coli 

Yeast 

<i{ ~ )-Hydroxypropionato 

0 

- +■ i 

+ 

/( •+ )-Lactatc 

f - ♦ * 

- -t* 

-+ 4- -+ 

/3- Hydroxypropiouate 

•*- + -± 

0 

T * 

Malate 

-*■ r A i 

0 

+■ ~ T 

% - H yd roxy butyrate 

J 

-i- f *■ 

* 

8- Hydroxy butyrate 

4 4 * 4 

0 

0 

y-Hydroxybutyrate -t- 

0 indicates no oxidation. 

-* indicates oxidation. 

0 


animal enzyme preparation is the only one to show complete optical specificity. 
Bact. coli enzyme preparation oxidizes d( — )-laetate more rapidly whereas the 
yeast preparation preferentially attacks /(4-)-lactate. It is interesting to note 
that intact Bad. coli and yeast oxidize both isomerides at the same speed. That 
would suggest that there is an enzyme for each isomeride, and that in the method 
of preparation one is more easily destroyed than the other. 

The facts that the Bad. coli enzyme preparation does not oxidize /?-hvdroxy - 
propionate or malate and that the yeast preparation does not oxidize jS-hydroxy- 
butyrate agree with the above conclusion that these three substrates are not 
oxidized by the particular enzyme of heart which catalyses the oxidation of 
lactate. The possibility however still remains that the specificities of lactic 
enzymes from various sources are not all the same and that the inability of the 
Bad. coli lactic preparation to oxidize malate may constitute no proof that 
the heart lactic enzyme similarly lacks this property. 


Biochem. 1936 xxx 


96 



1496 


D. E. GREEN AND J. BROSTEAUX 


VII. Respiratory carriers and the reaction with molecular oxygen . 

A solution containing the enzyme, coenzyme and lactate does not react with 
molecular oxygen. The addition of a trace of methylene blue, pyocyanine or any 
other suitable oxidation-reduction indicator immediately catalyses the reaction 
with oxygen. The lactic dehydrogenase must therefore be considered as anaerobic 
in the sense that the reaction with oxygen is not direct but requires the inter* 
mediation of some respiratory carrier. 


Table VI. Carriers for the aerobic oxidation of lactate. 


Each manometer contained 1*2 mi. enzyme, 0*3 ml. coenzyme and 0*2 ml. 2 M lactate. 


Control + NaCN 

+ 0*1 ml. 0*5 % methylene blue chloride 
+0*1 ml. 0*5% pyocyanine hydrochloride 
+ 0*1 ml. 0*5% flavin 
+ 1 ml. 10% yellow pigment 
+ 0*1 ml. 0*5% adrenaline 

Control + hydroxylamine 
+1 ml. 0*001 M cytochrome 
+0*5 ml. 0*5% glutathione (S-S) 

+ 0*5 ml. 0*5 % ascorbic acid 
1 0*5 ml. 0*5% ascorbic acid (without lactate) 


fji. 0 2 /30 min. 
0 

200 

310 

152 

20 

190 

15 

15 

10 

25 

H 


Fixing agent 
NaCN 
*» 

»« 

M 
• * 

»» 

Hydroxylamine 


♦» 


Table VI contains a list of substances which were tested as respiratory 
carriers. With the exception of methylene blue and pyocyanine, these sub- 
stances are normal constituents of animal cells. Flavin and adrenaline show 
high catalytic activity; yellow pigment is only slightly active, whereas cyto¬ 
chrome c, glutathione and ascorbic acid are inactive. Hydroxylamine must be 
used as the fixing agent when cytochrome, glutathione and ascorbic acid are 
studied since cyanide interferes with their catalytic activity (i.e. the activity in 
other systems in which they are known to function). 

The variation of the rate of oxidation with change in the concentration of 
pyocyanine, methylene blue and flavin respectively is shown in Figs. 6, 7 and 8. 
Since the experiments with each carrier were done at different times and with 
enzyme preparations of different activities, the final limiting velocities are not 
identical in the three cases. It is interesting that in all cases at least half the 
maximum velocity is reached at a concentration of 0*25 mg. or less per 3*3 ml. 
Pyocyanine functions maximally in even lower concentration. With excess of 
pyocyanine inhibition of the enzyme sets in. 

Wagner-Jauregg et al . [1934, 1, 2, 3; 1935] and Euler & Adler [1934; 1935] 
have proposed the theory that the yellow pigment (yellow enzyme) forms an 
essential component of many dehydrogenase systems. The experimental basis 
rests entirely on the following observations with methylene blue tubes. The 
time of decoloration of methylene blue by various enzyme systems is con¬ 
siderably shortened by the addition of yellow pigment. The same holds true for 
the reduction of flavin. These facts they interpreted to mean that the reduction 
of both methylene blue and flavin proceeds through the yellow pigment as an 
intermediary. Our experiments with the lactic system show that this conclusion 
of Wagner-Jauregg and of Euler and Adler is definitely incorrect. From Figs. 7 
and 8 it is clear that, within limits, the higher the concentration of flavin or 
methylene blue, the more rapid is the rate of oxidation of lactate. When the 
concentrations become very small—of the order of magnitude of the, concentra¬ 
tions used in methylene blue experiments (< 50y)—then the catalytic activities of 
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both flavin and methylene blue? become enormously reduced and approach zero. 
In effect that means that very small quantities of both methylene blue and 
flavin are reduced extremely slowly by the lactic dehydrogenase system. Sup¬ 
pose that a substance could be found with a very low Michaelis constant (i.e. it 



mg. methylene blue chloride;3*3 ml. mg. pyocyanine hydrochloride/3-3 ml. 

Fig. 6. Fig. 7. 


Fig. 6. Effect of concentration of methylene blue chloride on the rate of oxidation. 1*4 ml. enzyme. 
0*3 ml. coenzyme, 0-4 ml. M Na(’N and 0-2 ml. 2 M lactate in all the experimental cups. 

Fig. 7. Effect of concentration of pyocyanine hydrochloride on the rate of oxidation. 1-4 ml. 
enzyme, 0*3 ml. coenzyme, 0-2 ml. 23/ lactate and 0-4 ml. 3/ NaCN in all the experimental 
cups. 



0 0-05 0*1 0*15 0-1 


mg. laetoflavin/3-3 ml. 

Fig. 8. Effect of concentration of lactoflavin on rate of oxidation. 1-5 ml. enzyme, 0*3 ml. 
coenzyme, 0*4 ml. M NaCN and 0-2 ml. 23/ lactate in all the experimental cups. 

was able to function maximally at high dilutions) which in the reduced form 
could reduce methylene blue or flavin. Then the addition of such a substance to 
the lactic dehydrogenase system or any of the other coenzyme systems would 
result in a more rapid reduction of flavin or methylene blue when they were 
present in small concentration (< 50y) but not when they were in a sufficiently 

96—2 
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high concentration to allow the enzyme to work at maximum efficiency. Yellow 
pigment has the properties of this hypothetical substance. It can be reduced by 
the dehydrogenase system and in the reduced form can reduce in turn either 
flavin or methylene blue. Furthermore, the Michaelis constant is very low 
indeed, which means that the rate of reduction of yellow pigment is constant 
down to high dilution. The yellow pigment effect must therefore be interpreted 
in terms of affinity constants and offers no support of the theory that methylene 
blue or flavin is not reduced directly by coenzyme systems but only through 
the intermediation of the yellow pigment. 

The curious fact is that even a large excess of yellow pigment shows a slight 
catalytic activity (Table VII) hardly comparable with the activity in presence of 
excess of either flavin or methylene blue. Furthermore, in aerobic experiments, 


Table VII. Effect of yellow pigment on enzyme purified with kaolin. 


1*5 ml. enzyme, 0*3 ml. ooenzyme, 0*3 ml. M NaCN (neutral) and 0*2 ml. 2M lactate in each 


experiment. 


fd. O 2 /30 mill. 


Control 0 

+ 0*1 ml. 0-5 % methylene blue 63 

+ 0*5 ml. 5% yellow pigment 10 

4 yellow pigment 4 methylene blue 67 

+ 0*5 ml. 0*5 % Jactoflavin 50 

4 lactoflavin 4 yellow pigment 48 


the addition of yellow pigment does not increase the flavin effect over a wide 
range of flavin concentrations. This comparative inactivity of yellow pigment 
with the lactic system is rather unexpected and requires further study. The 
pigment was prepared from bottom yeast by the method of Warburg & Christian 
[1933]. We are indebted-to Prof. O. Warburg for his generosity in placing at our 
disposal a sample of a relatively pure preparation. Both our preparation and the 
authentic gave the same results. 

The analysis of the adrenaline effect will be dealt with in a separate com¬ 
munication by Green and Brosteaux. The essential facts may be summarized as 
follows. The lactic system reacts vigorously with oxygen in presence of adrenaline. 
If any of the components of the lactic system are omitted, e.g. the coenzyme or 
lactate, the adrenaline effect disappears. The results of many control experi¬ 
ments show conclusively that adrenaline is acting as a respiratory catalyst in the 
lactic system. The mechanism of the catalysis is very complex. Adrenaline is the 
precursor of the actual catalytic system. Upon addition of adrenaline to the 
complete lactic system, a red colour rapidly develops and persists throughout 
the reaction. This red substance can be reduced and oxidized reversibly. 

There is an additional factor concerned in the adrenaline effect with the lactic 
system. Its function is to catalyse the aerobic oxidation of adrenaline to the red 
substance. This oxidation depends upon the simultaneous oxidation of lactate to 
pyruvate. In absence of the specific factor, adrenaline has no action. 

Any of the dehydrogenase systems which require the lactic coenzyme can 
utilize adrenaline as a respiration carrier. The adrenaline effect seems to be a 
general property of lactic coenzyme systems. 

It is impossible from experiments in vitro to decide which of the natural 
carriers of animal source are involved in the oxidation of lactate within the 
living cell. There is presumably sufficient of flavin, adrenaline and yellow pigment 
in most cells to account for the observed rate of oxidation of lactat^* But in the 
absence of experiments carried out on intact cells, no definite conclusions can be 
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drawn. The cyanide-insensitivity of the isolated lactate system in contrast to 
the cyanide-sensitivity of the lactate oxidation in tissue shoes (Table VIII) may 
indicate that some carrier other than flavin, yellow pigment and adrenaline is 


Table VIII. Cyanide inhibition of lactate oxidation in tissue slices * 


Pigeon kidney 

4>o a 

Rabbit brain 

«o a 

Control 

- 10*5 

Control 

- 5-9 

4- J//500 cyanide 

- 2-7 

f Mjh 00 cyanide 

- 1-3 

+ AT/125 lactate 

- 18*4 

+ Mj\ 25 lactate 

-10-9 

+ lactate + cyanide 

- 2-9 

-4- lactate + cyanide 
+lactate +0*5 mg. laetottavin 

4- lactate + laetottavin + cyanide 

- 1*7 
-10-5 

- 1*0 


* These experiments were kindly carried out for us by Dr L. F. Leloir. 


involved physiologically. Another possibility remains that it is not the oxidation 
of lactate but that of pyruvate which is poisoned by dilute cyanide. The accumu¬ 
lation of pyruvate in presence of the reagent will thereby prevent the oxidation 
of lactate. 

A comparison of the lactic dehydrogenase of animal cells with that of yeast 
reveals some very instructive differences. The former requires a coenzyme and 
reacts with flavin but not with cytochrome. The latter requires no coenzyme, 
and reacts with cytochrome but not with flavin [Ogston & Green, 1935]. It 
may bo taken as a general rule that cytochrome is inactive in systems requiring 
a coenzyme. Conversely flavin is inactive in systems which do not require a 
coenzyme. There appears to be a fundamental distinction between the coenzyme- 
flavin systems and the cytochrome systems. Adrenaline shows the same be¬ 
haviour as flavin in respect of its activity with the coenzyme and non-coenzyme 
systems. The three dehydrogenase systems which are known to react with 
molecular oxygen via cytochrome (yeast lactate, succinate and a-glycero- 
phosphate of animal source) do not require a coenzyme. Conversely the de¬ 
hydrogenase systems that react with flavin or yellow pigment (hexosemono- 
phosphate, lactate, malate, glucose and alcohol) are incapable of reducing 
cytochrome, with any appreciable velocity. The explanation of these curious 
facts will Ih? dealt with in later sections. 

VIII. Reduced coenzyme and the, mechanism of coenzyme action. 

The mechanism of the action of eocnzymes in enzymic dehydrogenations—-a 
long-standing biochemical puzzle—has become remarkably clear as the result of 
the recent brilliant study bv Warburg et at. [1935]. Very convincing evidence 
has been adduced to show that the following series of events takes place in the 
reaction lietween hexosemonophosphate and oxygen: 

rnxyine 

(1) hexosemonophosphate + coenzyme phosphohexonate + reduced coenzyme, 

(2) reduced coenzyme + yellow pigment coenzyme -f leuco-yellow pigment, 

(3) leueo-yellow pigment 4- $ 0 g -*■ yellow pigment. 

The coenzyme is therefore to be considered as a highly specific carrier linking 
the dehydrogenase with the yellow pigment. The reversible reduction of the 
coenzyme can be effected not only enzymically but also with hydrosulphite. 
Reduced coenzyme is not autoxidizable. In the reconstructed system, the 
oxidation is brought about by yellow pigment. 

The researches of Warburg et al. were confined to the coenzyme of red blood 
cells which is not identical with the coenzyme of lactic dehydrogenase (cf. 
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section X). It was therefore of interest to inquire how general is the behaviour 
of the Warburg coenzyme and to what extent the above scheme is applicable to 
the lactic enzyme. The results of the inquiry indicate that the mechanism of the 
action of the lactic enzyme closely parallels that of the Warburg coenzyme. 

The lactic coenzyme prepared as in section I does not reduce methylene blue 
or flavin. However, by adding hydrosulphite to a neutral buffered solution of the 
coenzyme and by then oxidizing excess hydrosulphite in a stream of air, a solu¬ 
tion of coenzyme is obtained which reduces methylene blue and flavin; e.g. 1 ml. 
reduced coenzyme reduced 0*2 ml. 0-02 % methylene blue in 10 min. and 0*1 ml. 
0*05 % lactoflavin in 80 min. A trace of yellow pigment decreased the times of 
reduction of methylene blue and flavin to 1-5 and 10 min. respectively. Con¬ 
trols of buffer and of alkali-inactivated coenzyme treated in exactly the same way 
failed to show this reducing power. The presumption is therefore reasonable that 
hydrosulphite reduces the coenzyme and that reduced coenzyme is the agent 
responsible for the reduction of methylene blue. The catalytic effect of yellow 
pigment offers additional confirmation of this view. 

The lactic coenzyme can also be reduced by the complete dehydrogenase 
system. If the coenzyme is incubated with a mixture of enzyme, lactate and 
cyanide for several minutes, and the mixture is then boiled and filtered through 
kieselguhr, a solution of reduced coenzyme is obtained which shows the same 
properties as that of reduced coenzyme prepared by the hydrosulphite method. 

Assuming that Warburg’s theory applies to the lactic coenzyme, it follows 
that any carrier which is active with tin* whole dehydrogenase system should 
be reduced by reduced coenzyme and conversely carriers which have no activity 
should not be reduced with any appreciable velocity. This prediction is in fact 
fulfilled. Reduced coenzyme can reduce methylene blye, pyocyanine, flavin, 
the red oxidation product of adrenaline and yellow pigment but has no action 
on cytochrome c. The evidence is therefore suggestive that in the reaction between 
lactate and oxygen, the coenzyme is reduced, and in turn reduces the carrier 
which finally reacts with molecular oxygen. The problem—which carriers of 
animal tissues are active with coenzyme dehydrogenase systems—simplifies to 
the problem—which carriers are reduced by the reduced coenzyme. It is pre¬ 
dicable that all systems which require the lactic coenzyme will react with 
flavin, yellow pigment or adrenaline but not with cytochrome. The possibility 
of interaction is determined not by the enzyme but by the coenzyme which is 
the factor in common. 

The suggestion has been made that the lactic dehydrogenase of yeast although 
independent of a soluble coenzyme is rigidly bound to its coenzyme and hence 
cannot be resolved into the two components by the ordinary methods. The 
suggestion is not tenable in view of the fact that the reduced coenzyme does not 
reduce cytochrome whereas the yeast enzyme reacts vigorously with molecular 
oxygen in presence of cytochrome. Similarly the reduced lactic coenzyme reduces 
flavin and yellow pigment whereas these two substances have no catalytic 
action on the yeast lactic system. 

Several properties of reduced coenzyme are worth mentioning. Acid solutions 
rapidly destroy reduced coenzyme, although strong alkali at 100° has no effect. 
The reverse is true for the oxidized coenzyme. The reduced coenzyme shows a 
broad adsorption band at 330-340 m/x in the ultraviolet whereas the oxidized 
coenzyme shows only small absorption in this region. Dr E. van Heyningen 
kindly earned out the ultraviolet measurements. Lastly, reduced coenzyme is as 
active as oxidized coenzyme with the dehydrogenase system. This fast is con¬ 
sistent with the theory of the mechanism of coenzyme action. 
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Given an excess of enzyme, the limiting factor in the oxidation of lactate 
should be the rate of reaction between reduced coenzyme and the carrier. Since 
the enzyme is not involved in this process, it follows that reduced coenzyme should 
react with flavin or methylene blue at the same speed as in presence of the 
enzyme. Actually such is not the case. The rate of reduction of methylene blue 
by reduced coenzyme is much slower in absence than in presence of the enzyme. 
The ratio of activities is 1: 10 in presence of yellow pigment and 1: 90 in absence 
of yellow pigment. Furthermore, yellow pigment enormously accelerates the 
rate of reaction between reduced coenzyme and methylene blue or flavin but not 
so in the presence of the enzyme. These two discrepancies may mean that the 
carrier theory of coenzyme action requires modification in part. 

IX. Reversibility . 

The enzymic oxidation of hypoxanthine to uric acid, of hydrogen gas to 
hydrogen ion or of succinate to fumarate is reversible under suitable conditions 
[Green, 1934: Green & Stickland, 1934: Filitti, 1934: Quastel & Whetham, 1924; 
Borsook & Schott, 1931]. The equilibrium potential of the system hypoxan thine- 
xanthine oxidase-uric acid (to take one example) can be measured by deter¬ 
mining to what extent this system reacts with benzylviologen. The degree of 
reduction of the indicator is a direct measure of the potential corresponding to 
the equilibrium point. 

The question of the reversibility of a dehydrogenase system involving a 
coenzyme raises certain theoretical considerations. In the ease of the xanthine 
oxidase, there is a direct interaction between hy]K)xanthine and benzyl viologen, 
and between reduced benzvlviologen and uric acid. This simple condition does 
not apply to the* lactic dehydrogenase system of animal tissues. The reaction 
between lactate and the indicator is not direct but proceeds through the inter¬ 
mediation of the coenzyme. For a reversible state to be established, the following 
steps must be reversible : 

(1) lactate 4* coenzyme zz pyruvate + reduced coonzyme, 

(2) reduced coenzyme t indicator ;£ coenzyme + reduced indicator. 

Clearly the reversibility of the oxidation of lactate to pyruvate will depend on 
whether the coenzyme system can come into equilibrium (a) with the enzyme 
system and (6) with the indicator system. 

The potential of a mixture of lactate, pyruvate, coenzyme and indicator will 
be determined by the system in highest concentration. In practice the con¬ 
centrations of lactate and pyruvate are arranged to be in great excess over those 
of coenzyme or indicator. Hence if an equilibrium potential can be measured, it 
will refer to the potential of the system lactate-pyruvate and will not be 
governed by either the coenzyme or indicator system. 

B&nga et al. [1933] claimed to have demonstrated the thermodynamic 
reversibility of the lactate system of pig's heart muscle. Using Janus green as 
the indicator of the equilibrium, they found E 0 * at pH 7*0 to be —0*181 v. 
We have attempted to reoxidize leuco-Janus green with pyruvate in presence of 
the enzyme system but the results thus far have been negative. Janus green is 
reduced with extreme slowness, and is therefore of questionable value for 
demonstrating reversibility. Lactoflavin however is reduced quite rapidly and 
appears to form an equilibrium with the lactate system. In presence of excess 
lactate, lactoflavin is reduced practically to completion whilst the leuco-form 
can be reoxidized by excess pyruvate. 
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Table IX. Reduction of oxidation-reduction indicators by lactic system 
and reduced coenzyme at pH 7-0. 

Experiments were carried out anaerobically in Thunberg tubes. 


Methylene blue 

Ethyl eapri blue 

Nile blue 

Lactoflavin 

Yellow pigment 

Janus green (red to colourless) 

Benzylviologen 


Eq at 
pH 7*0 in v. 

+ 0011 
-0*060 
-“0*142 
- 0*210 

-0*258 

-0*359 


Lactic system 
Reduced completely 


No reduction 


Reduced coenzyrae 
Reduced completely 


No reduction 


Table IX compares the indicators reduced by the enzyme system plus co- 
enzyme and by the reduced coenzyme alone. The parallelism is very striking. 
The possibility presents itself that the equilibrium observed between the enzyme 
system and lactoflavin may concern the coenzyme system primarily and may 
not be a measure of the potential of the lactate-pyruvate system. 

The usual method of fixing the ratio of lactate to pyruvate and then deter¬ 
mining the potential either colorimetrically or electrometrieally is not applicable 
to the lactate system of heart. Since traces of pyruvate inhibit almost completely 
oxidation of lactate, the measurements with mixtures are concerned with 
kinetics and not with thermodynamic equilibria. The question of the rever¬ 
sibility of the lactate system of heart must be reconsidered in this new light. 
The testing of the reversibility of the lactic systems of bacteria apparently does 
not involve these difficulties [of. Barron & Hastings, 1934; Wurmser & Mayer- 
Reich, 1933]. 

Reduced coenzyme can reduce flavin to completion. The addition of oxidized 
coenzyme does not result in reoxidation of leuco-flavin. If the lactate-pyruvate 
system were reversible, we should expect that the ratio of reduced coenzyme to 
oxidized coenzyme would determine the ratio of reduced to oxidized flavin. 


X. Specificity of coenzyme . 

Identity of heart and yeast lactic coenzymes. A lactic; coenzyme can be prepared 
from heart muscle by the method of Banga et at. [1933]. The fact that the 
coenzymes from heart and yeast can replace one another in the lactic system of 
animal tissues constitutes little or no proof of their possible identity. The sole 
alternative to isolating the respective coenzymes and establishing their identity 
by direct chemical means is an extensive comparison of the chemical and 
physical properties of the two coenzymes. 

Given the respective coenzyme solutions in known catalytic strengths, the 
original ratio of activities should persist through a variety of parallel treatments 
if the coenzymes are identical. The constancy of the ratio is the measure of 
identity. Table X contains a summary of the comparison. The times in minutes 
refer to the reduction of methylene blue unless otherwise stated. The original 
ratio of 08 varies between the limits of 0*5 and 1*0. Bearing in mind that the 
impurities in the two preparations are different and that they may influence to 
some extent the behaviour of the coenzyme, the small variations in the ratio 
cannot be considered significant. There is little doubt that the chemical and 
physical properties of the two coenzymes are very similar, and we may reasonably 
assume that they are identical. 
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Table X. Comparison of heart and yeast lactic coenzyme. 

The quantity of 0-02% methylene blue used with tho enzyme system was 1 ml. and with the 


reduced coenzyme 0*2 ml. 


(1) With enzyme system. 

Original coenzyme solutions 
Treated in cold with alkali 
Treated with boiling alkali 

(2) Without enzyme system. 

Original reduced coenzyme 

-t yellow pigment 

Treated witri acid in cold (tested with yellow 
pigment) 

Reduction of pyocyanine by original reduced 
coenzyme 


Heart 

min. 

Yeast 

min. 

Amount of 
coenzyme 
in ml. 

Ratio 

4 

5 

0*2 

0*8 

5*5 

5*5 

0*5 

1*0 

35 

60 

0*5 

0*6 

18 

37 

0*8 

0*5 

2 

4*5 

0*8 

0*6 

50 

100 

2*0 

0*5 

6 

10 

0*8 

0*6 


Identity with the hexosemonojthosphate coenzyme. Through the courtesy of 
Prof. Keilin and Prof. Warburg we were able to test the activity of a highly 
purified preparation of the hexosemonophosphate coenzyme in the lactic de¬ 
hydrogenase system, of. Table XI. The result was completely negative. It is 


Table XT. The effect of Warburg coenzyme . 

Control lactic system: 1*5 ml. enzyme, 0-2 ml. 0-3% methylene blue, 0-4 ml. M NaCN and 
0*2 ml. 2J/ lactate. Control hexosemonophosphate system; lml. dialysed yeast juice, 0-2 ml. 
0*5 0 o methylene blue, 0-2 ml. 0*33 J f hexosemonophosphate. 

fd. 0* 30 min. 


Control lactic system without coenzyme 10 

-i 0*5 ml. lactic coenzyme 220 

+ 0*5 ml. Warburg coenzyme 10 

Control hexosemonophosphate system without coenzyme 0 

i-0*5 ml. lactic coenzyme 0 

■+ 0*5 ml. Warburg coenzyme 171 


interesting that the malate and /J-hydroxybutyrate systems are also not activated 
by the hexosemonophosphate coenzyme (Cable XII). Considering the similarity 
in the chemical constitution and in the mode of action of the lactic and hexose¬ 
monophosphate coenzymes, the observed specificity is most extraordinary. 

Table XII. Effect of Warburg coenzyme on oxidation of malate and 

{}-hydroxyb utyrate. 

1 ml. 0*02% methylene blue, 0*2 ml. 2M substrate, 1 ml. lactic enzyme preparation. 

Reduction time of 
methylene blue • 
min. 


Enzyme 4 malate <* 

Enzyme 4 malate 4 0*5 ml. lactic coenzyme 2*5 

Enzyme 4- malate 4 0*5 ml. Warburg coenzyme oo 

Enzyme 4 malate 4 0*hydroxybutyrate ' oo 

Enzyme 4 malate 4 0*5 ml. lactic coenzyme 2*7 

Enzyme 4 malate 40*5 ml. Warburg coenzyme *> 


Identity with cozymaae. Needham & Green (unpublished experiments) have 
made a systematic comparison of the activities of various coenzyme preparations 
from yeast and heart with regard to (1) alcoholic fermentation and (2) the 
oxidation of lactate by the animal dehydrogenase system. In general the ratio 
of the activities in the two processes was constant for preparations derived from 
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various sources and subjected to various chemical and physical treatments. There 
was however one notable exception, viz. a coenzyme solution which was very 
active in catalysing fermentation but which apparently had little effect on the 
oxidation of lactate. 

Both cozymase and the coenzyme of lactic oxidation are rapidly destroyed 
by alkali. On reduction with hydrosulphite, the lactic ooenzyme becomes in¬ 
sensitive to alkaline treatment. Needham & Green tested reduced coenzyme 
boiled with alkali as the coenzyme of fermentation and found the activity un¬ 
impaired. This striking similarity in the chemical properties of lactic coenzyihe 
and cozymase suggests the identity of the two coenzymes. 

Needham & Green considered the relative magnitudes of the cozymase and 
lactic coenzyme catalyses. They found that with excess of enzyme in each case 
(and with the same amount of coenzyme) about 20 mols. of C0 2 are liberated 
in fermentation for 1 mol. of oxygen absorbed in lactate oxidation during the 
same period. This disparity in rates contrasts with the similarity in rates 
observed when a limited amount of coenzyme is used with excess of the various 
dehydrogenase systems which require in common the lactic coenzyme. The 
suggestion is therefore obvious that although the lactic coenzyme and cozymase 
are almost invariably concomitant and may be associated in the same molecule, 
yet the mechanisms of their respective actions are different. Possibly the one 
case where the activity of cozymase was not associated with significant lactic 
coenzyme activity may be explained on the basis that the original coenzyme 
molecule underwent some change whereby one function was impaired and not 
the other. 

For the present in view of these results of Needham & Green, it is preferable 
not to designate the lactic coenzyme as cozymase. The final decision of nomen¬ 
clature must be deferred until the question of identity is settled conclusively. 

Synthetic coenzymes . Warburg el al. [1935] demonstrated that the hexose- 
monophosphate coenzyme contains 2 mols. of ribose, 3 of phosphoric acid and 1 
of adenine and nicotinamide. In the reversible oxidation and reduction of the 
coenzyme, it is the nicotinamide moiety which is directly involved. Warburg 
et al. showed that trigonelline (methylbetaine of nicotinic acid) behaves like the 
coenzyme in many respects, e.g. it can l>e reversibly reduced with hydrosulphite 
and in the reduced form is not autoxidizable. Furthermore, yellow pigment can 
oxidize the reduced form. More recently, Karrer & Warburg [1936] have pre¬ 
pared several nicotinic derivatives and have tested their ability to be reduced by 
hydrosulphite and to be oxidized by yellow pigment. 

The question arose whether any simple nicotinic acid derivative could 
replace the coenzyme in the complete dehydrogenase system. The following 
substances were tested: nicotinic acid, nicotinamide, nicotine, diethyl ester of 
nicotinamide (coramine), trigonelline and the methiodides of the first four 
mentioned. There was no indication of any activity except for a very slight 
acceleration by trigonelline of the reduction of methylene blue by the lactic 
enzyme system. The effect however was far too small to merit serious considera¬ 
tion. It appears therefore that the lactic coenzyme is extremely specific and is 
not replaceable by substances of similar chemical behaviour and constitution. 

XI. Purification. 

Solutions A and B of lactic enzyme prepared according to section I may be 
extensively purified by the following treatments with either kaolin or kieselguhr. 
20 ml. of enzyme solution are shaken vigorously with 1 g. of the adsorbent and 
then centrifuged. After two or three such treatments, the enzyme solution 
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Table XIII. Purification of lactic enzyme. 

Testa were made with 1 ml. enzyme, 0-5 ml. ooenzyme, 0*4 ml. M NaCN (neutral), 0*2 ml. 
0*5% methylene blue and 0*2 ml. 2M lactate. 

The preparations of solutions A and B are described in section I. 


Solution A. Solution B. 

Qo t ^0-2 

Original after centrifuging 167 Original after centrifuging 10 

Treated twice with kieselguhr 457 Treated thrice with kaolin 18 

Treated thrift with kieselguhr 34 


becomes almost water clear. Table XIII shows the extent of the purification as 
measured by the <? 0jj . The absolute value of the Q () depends upon how fresh are 
the hearts used in the preparation of the enzyme ana how quickly the experiment 
is carried out after the preparation is completed. The greatest fall in activity is in 
the first 24 hours. After that period the loss in activity is much more gradual. 
Often solution A is less active than B. The ratio of activities is variable and 
depends upon the particular heart. 

The purified enzyme is no longer precipitated completely by acetic acid and 
furthermore undergoes rapid destruction in presence of acetic acid. No way has 
yet been found of obtaining the purified enzyme in the dry form. 

When the 4> ()o determinations arc made, the use of phosphate buffers must 
be avoided. The precipitates for solutions A and B respectively are suspended in 
water and the pH adjusted to 7*0 with dilute NaOH. This procedure eliminates 
the use of phosphate which introduces a large error in determining the dry weight 
of the enzyme preparation. 

Table XIV. Inhibitors of lactic enzyme . 

All the experiments were earned out with cyanide as the fixative except in the case of pyruvate. 

Final concentration 

o 

o 



M 

inhibition 

Octyl alcohol 

Saturated aqueous solution 

0 

Ethylurethanc 

0*16 

33 

Pyrophosphate 

008 

0 

Cyanide 

0*33 

0 

Araenious acid 

0*33 

0 

lodoaeetatc 

0-02 

0 

Pyruvate 

0-04 

100 

Tartronate 

003 

00 

d( -)-Lactate 

0*03 

0 


XII. Inhibitors . 

None of the usual respiration inhibitors affects the lactic enzyme appreciably 
(Table XIV). Urethane in high concentration produces only 30% inhibition. 
Pyruvate and tartronate inhibit by virtue of their ability to be adsorbed on the 
active enzyme surface, thus preferentially displacing lactate. It is interesting 
that d( —)-lactate does not show this phenomenon of competitive inhibition. 
That rather indicates that even the purely physical process of the adsorption of a 
substrate on the enzyme molecule may involve stereochemical specificity. 

XIII. Distribution of the enzyme. 

The quantitative estimation of the amount of any particular enzyme present 
in a tissue involves difficulties which at the moment seem insuperable. Using the 
tissue slice technique, the difference between the Q 0t in presence and in absence 
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of lactate provides the measure of the amount of enzyme present. The results 
however are very unsatisfactory for the following reasons: (1) the tissue may 
be saturated with lactate and hence the addition of more lactate produces no 
increase; (2) the missing component of the lactic system may not be the enzyme 
but the coenzyme. Hence with slices like those of muscle which allow the 
coenzyme to leak out into the surrounding medium, the fact that addition of 
lactate does not increase the Q 0 t has no bearing on the question whether there is 
any lactic enzyme present. 

We have adopted the following method for estimating the amount of lactic 
enzyme present in various tissues. The organs of freshly killed animals only are 
used. After coarse mincing with scissors, the tissue is washed exhaustively with 
tap water to remove soluble components and then thoroughly ground with sand 
and a known volume of Mj 100 phosphate buffer pH 7. The success of the method 
depends entirely on the completeness of the grinding process. The sand and in¬ 
soluble debris are filtered off through muslin; the filtrate is centrifuged and 
tested directly. The entire procedure is a matter of 10-15 min. The filtrate con¬ 
tains only the enzyme and must be supplemented with coenzyme, lactate, 
methylene blue and cyanide in order to reconstruct the whole system. A control 
with all the components except lactate must be carried out to correct for the 
blank of the enzyme. 

The Q 0i refers to the oxygen uptake in /id./hour of 1 mg. dry weight of the 
enzyme preparation. The phosphate of the buffer must be allowed for in deter¬ 
mining the dry weight. The question arises whether the Q i} should be calculated 
on the basis of the original dry weight of tissue which corresponds to 1 mg. dry 
weight of enzyme. The Q n ^ values for tissues calculated on the basis of the original 
tissue dry weight are of 2 course numerically different from the standard Q 0 
values. However, the relative activities of the enzyme in the various tissues are 
approximately the same regardless of the method of calculation, ef. Table XV. 


Table XV. 


0 2 uptake in 
pi./hour/mg. 
dry wt. of 
tissue 


MuseJc M 

Heart 1*3 

Brain 2*0 

Liver 0-2 


O a uptake in 
pL/hour/mg. 
dry wt. of 

extract Ratio 

6- 7 6 

7- 4 6 

12*2 6 

1*0 5 


Table XVI. The distribution of the lactic enzyme in rat , rabbit and pigeon . 

Qo z =oxygen uptake in pL/hour/mg. dry weight of enzyme extract. 

Enzyme extract tested with 0*5 ml. coenzyme, 0*3 ml. M NaCN (neutral), 0*2 ml. 0*5% 
methylene blue and 0*2 ml. 2 M lactate. 

These values of the Q 0f are the maxima found in repeat experiments. 



Rat 

Rabbit 

Pigeon 

Kidney 

79 

9 

3*1 

Heart 

111 

15 

4*5 

Brain 

73 

32 

0*4 

Muscle 

28 

30 

7*3 

Lung 

— 

3-4 

0*0 

Liver 

— 

1*2 

1*8 


The distribution of the enzyme in various animals is shown in Table XVI. 
There can be little doubt that the lactic enzyme is an essential part of the 
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enzymic equipment of all animal cells. It is interesting that the highest concen¬ 
trations of the enzyme were found in the tissues of the rat compared with those of 
rabbit and pigeon. This is to be expected on the basis of the Q a Jbody weight 
relation. 

The tissues of the rabbit fail to yield active extracts of the lactic enzyme when 
ground with sand and distilled water. Activity is only obtained when salts, 
preferably phosphates, are present in the surrounding fluid. This effect of 
phosphate is confined to the tissues of the rabbit. In the absence of phosphate 
no activity can be found either in the residue or in the extract. It appears that 
enzyme destruction occurs under these conditions. 

KIV. The classification of dehydrogenases. 

The experimental investigations of Warburg & Christian [1931; 1933], 
Keilin & Hartree [1936], Euler & Adler [1934: 1935], Wagner-Jauregg et al . 
[1934; 1935], Ogston & Green [1935] and Green [1936] have provided the ground¬ 
work for a systematic classification of dehydrogenase systems. 

T. Aerohic oxidases : 

Characteristics: react directly with molecular oxygen: produce H 2 0 2 ; do 
not require coenzyme. 

Examples: uricase, amino-acid oxidase, xanthine oxidase. 

II. Cytochrome dehydrogenase systems: 

Characteristics: do not react directly with molecular oxygen; can react 
through cytochrome but not flavin or yellow pigment; do not require coenzvme. 

Examples: a-glycerophosphate, succinate, lactate (veast). 

III. Coenzyme dehydrogenase systems : 

Characteristics: do not react directly with molecular oxygen; react with 
flavin or yellow pigment but not cytochrome: require a coenzyme. 

A. Hexosemonophosphate coenzyme systems: 

Examples: glucose (liver) and hexosemonophosphate of yeast or red blood 
cells. 

B. Lactic coenzyme systems: 

Examples: lactate (animal tissues), malate, fumarate, j3-hydroxybutyrate, 
glucose (liver). 

The glucose system of liver is the only one knowm to work with either of two 
coenzymes [Euler & Adler, 1935]. 

Summary. 

The lactic dehydrogenase system of animal tissues comprises the following 
components: enzyme, coenzyme, lactate and carrier. 

The product of oxidation—pyruvic acid—inhibits almost completely the 
oxidation of lactic acid. Ketone-fixing agents, such as cyanide and hydroxylamine, 
combine with pyruvic acid and allow the oxidation of lactic acid to proceed 
linearly for a considerable period. 

The effects of pH and of concentration of coenzyme and substrate upon the 
rate of oxidation have been studied. 

The lactic enzyme is found associated with the enzymes for the oxidation of 
malate, fumarate, /J-hydroxypropionate and jS-hydroxybutyrate. Methods of 
separating partially the lactic enzyme from the others are described. 

The lactic enzyme catalyses the oxidation of l( 4- )-lactate to pyruvic acid 
which can be isolatedasthe2:4-dinitrophenylhydrazinederivative. d(—)-Laetate, 
lactamide and woserine are not'oxidized. 
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Among the natural carriers, flavin, adrenaline and to a slight extent yellow 
pigment (flavoprotein or yellow enzyme) can function as carriers for the reaction 
with oxygen. Cytochrome, ascorbic acid and glutathione are inactive. 

The lactic coenzyme can be reduced with hydrosulphite or by the enzyme 
system. Reduced coenzyme can reduce flavin, methylene blue, yellow pigment 
and the red substance formed from adrenaline. It does not however reduce 
cytochrome. Reduced coenzyme is unstable in acid solution but not in alkaline. 

The Warburg scheme of coenzyme action is found to apply to the lactic 
system. The coenzyme functions as a highly specific carrier between lactic acid 
and the oxygen transporter. 

The coenzyme of the hexosemonophosphate dehydrogenase cannot replace 
the lactic coenzyme in the lactic system. 

The enzyme preparation may be purified extensively by treatment with 
kieselguhr and kaolin. Water-clear solutions can be prepared with Q n values 
from 400 to 500. * 

The lactic enzyme is widely distributed in animal tissues. Its quantitative 
estimation has been carried out in the tissues of pigeon, rabbit and rat. 

A new classification of dehydrogenase systems is presented based on recent 
research. 

It is a pleasure to thank Mr Stanley Williamson for his invaluable assistance 
with many of the preparations. We are very grateful to Priv.-Doz. Dr Wagner - 
Jauregg for his gift of pure lactoflavin. 
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During recent years we have followed the changes in the content of certain 
amino-acids in plants at different stages of growth. The objects of this work were 
firstly to obtain some information concerning the mechanism of amino-acid 
synthesis in plants and secondly to determine the physiological value of the 
nitrogenous constituents of plants. The nature of the work made it necessary to 
determine the entire amount of a given amino-acid present in the plant at any 
one time, whether free or as a component of peptides or different proteins. 

In this res}>eet our work differs essentially from the investigations carried 
out by Osborne et al. [1920; 1921], and particularly by Chibnall et aL [1923; 1933], 
Miller [1935; 1936], Morris [1934] and Kiesel et al. [1934] who examined the 
composition of the protein material which they isolated from the plant by 
various methods. Chibnall et al. determined the composition of the proteins of 
numerous plant species, employing very mild extraction whereby a maximum 
of 30 % of the plant protein could be isolated and assumed that the composition 
of the remaining 70% was identical with that of the extracted protein. Morris, 
employing an efficient alkaline extraction, isolated, e.g. from hay and straw, the 
bulk of the protein present, and determined its composition. Whether some of 
the amino-acids are destroyed during the alkaline extraction seems to have 
remained unexamined. Neither Osborne, Chibnall nor Morris considered the 
possibility that the composition of the plant protein might vary during different 
stages of growth. 

Kiesel et al. t working with ChibnalFs method of extraction, have determined 
the composition of the protein material extracted from various plants at different 
stages of growth. They found that, for instance, the content of histidine and 
proline in the leaves of CitruUus edulis varied with the stage of growth, whilst 
that of the other amino-acids examined was fairly constant. It is not clear 
whether these variations were due to variations in the composition of a given 
protein, or whether the extracts in the different cases contained varying amounts 
of different proteins. Neither can any estimate of the total amounts of the 
different amino-acids present in the plant be obtained from Kiesers data. The 
only work known to us, in which the total content of an amino-acid in the plant 
has been quantitatively determined at different stages of growth, is that of 
Klein & Taubdck [1932] on arginine. The analytical data presented in their 
paper show that the arginine content increased during the later stages of growth. 
Kretz’s [1922] microscopical observations indicate that the meristem of the 

( 1509 ) 
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growing plant contains much tryptophan, whereas little is found in other 
tissues. 

Our observations so far have thrown some light on the variations of aspartic 
acid and tryptophan in plants at different stages of growth [Virtanen & Laine, 
1935]. The present paper is a report of our work on tryptophan and of the 
experimental technique employed. 

Experimental. 

In determining the tryptophan content of green plants the following con¬ 
siderations should be borne in mind: (1) the method of hydrolysis, and (2) the 
clarification of the extract for its colorimetric examination. In regard to the 
hydrolysis of the plant material, we found that Deseo’s [1934] method, originally 
employed for pure proteins, was well suited for the estimation of tryptophan. 
In this method the material is hydrolysed in the autoclave with 20% NaOH 
under 2-8 atmospheres’ pressure. According to our experience this procedure 
causes no decomposition of tryptophan. 

Before the colorimetric analysis the extract must be freed from colouring 
matter and carbohydrates. This is best done according to Folin & Marenzi [1929]. 
The last traces of colouring matter were removed by precipitation with lead 
acetate. The tryptophan content of the clear extract was then determined by 
the colorimetric method of Winkler [1934]. 

A weighed amount of the minced fresh material, containing 1-10 g. dry 
matter (or a corresponding quantity of dried plant material), is placed in a 
100 ml. Erlenmeyer flask, together with 50 ml. of 20% NaOH. The neck of the 
flask is wrapped in vegetable parchment, whereupon the flask is heated in the 
autoclave for 2 hours under 5 atmospheres’ pressure (157°). Immediately after 
autoclaving, 75 ml. of 7 N H2S0 4 and 25 ml. of saturated Ag 2 S0 4 solution are 
added to remove Cl', followed by 5 g. of kaolin. The mixture is stirred and 
centrifuged. The residue is washed at the centrifuge with 100 ml. of 5% H 2 S0 4 
and the combined solutions are treated with 25 ml. of 10% HgS0 4 in 5% 
H2S0 4 . Upon standing overnight, tryptophan precipitates as the Hg compound. 
The precipitate is centrifuged and washed once at the centrifuge with 1(X) ml. 
of 0*1 JV R^SCV The washed precipitate is suspended in 50 ml. of 0*1 A T H 2 S0 4 , 
heated gently and decomposed with H 2 S. The HgS is removed by filtration and 
washed with water, and the filtrate is freed from H 2 S with a stream of C0 2 . 
The solution is then clarified with 250 mg. of solid lead acetate and the pre¬ 
cipitate is filtered and washed with water. The filtrate is transferred into a 
100 ml. volumetric flask and made up to mark with distilled water. The trypto¬ 
phan content of the solution is determined in aliquots of 1 ml. The standard 
tryptophan solution is prepared by treating 1 g. of Hammarsten-caseinogen in 
exactly the same manner. The tryptophan content of caseinogen, obtained by 
this procedure, is 1*20% (against pure tryptophan standard). 

1 ml. of the solution to be examined is measured into a test-tube and 1 ml. 
of the caseinogen standard into another tube; to both test-tubes are then added 
3 ml. of a solution containing 0*2 ml. of glyoxylic acid solution (according to 
Benedict), 0*3 ml. of if/100 CuS0 4 and 2*5 ml. of distillocl water. The tubes are 
cooled in an acetone-ice mixture, together with the H^SC^ to be employed. 5 ml. 
of cold cone. HjjSC^ are then slowly added to the test-tubes, care being taken 
to avoid a rise of the temperature of the mixture. The tubes are next shaken and 
kept at room temperature for 3 hours or preferably overnight, whe^upon they 
are heated in the water-bath for 5 min. After cooling the solutions are examined 
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colorimetrically and the tryptophan content of the extract is calculated on the 
basis of the caseinogen standard. 

We made several control experiments to check the accuracy of the above 
method. In these experiments varying amounts of pure tryptophan were added 
to the plant material. The following data will illustrate the range of error 
involved. The plant material employed was dried clover, ground to a fine powder. 


Exp. 

1 

2 

3 

4 


Tryptophan 
found, mg. 


2 g. powdered clover 9-8 

2 g. powdered clover ■+ 5 mg. tryptophan 14*6 

2 g. powdered clover -p 10 mg. tryptophan 19*7 

2 g. powdered clover + 50 mg. caHeinogen* 16-2 


* Contained 6 0 mg. tryptophan. 


Recovery of 
added 

tryptophan, % 

96 

99 

107 


The results show that the added tryptophan is satisfactorily recovered by 
the above method. 


The tryptophan content of peas at different stages of growth. 

On 27 March 1935, 12 pea seeds of equal size were planted in 20 earthen¬ 
ware jars, filled with quartz sand. The seeds were inoculated with the specific 
nodule organism. The pH of the sand was maintained at 0*5. The plants were 
watered with N-free Hiltner's solution. No artificial illumination was employed. 
The plants grew in the greenhouse uniformly and rapidly. For each analysis 
20 plants of equal size were taken. The tryptophan determinations were made 
on two lots of 5 plants each. All colorimetric determinations were made in 
duplicate. The remaining 10 plants were used in lots of 5 plants each for the 
determination of dry matter and total N (Kjeldahl). The last plants were 
harvested on 0 June. The results are given in Table I and Fig. 1. 

Table I. 

Time Trypto- 


of 

Dry wt. 

N in 

Tryptophan 

phan N 


growth 

of 5 plants 

5 plants 

in 5 plants 

°o of 


days 



mg. 

mg. 

total X 

Remarks 

0 

(a) 10731 

(b) 1*075f 

1*074 

(а) 42-81 43 .., 

(б) 43*5 f - 

(a) 3-36 | 

(b) 3*29 [ * M 

1*06 

Seeds 

12 

{a) 0*9941 
(6) 0*995) 

0*995 

s ssi 

(a) 3*331 
{b) 3*52 / 6 4 S 

1*07 


16 

(а) 1*1001 

(б) 1*100)' 

MOO 


(a) 4-001 

(b) 4*58 / 4 

1*26 


20 

<tf) 1*3981 
(b) 1*423 f 

1*411 

Si 62.02 ( 60 2 

(a) 9-00 1 nni 

(b) 9*67 / y 64 

2*13 


28 

(a) 2*3131 
{b) 2*455 f 

2*384 

(o) 75-04 ) 78 . 0 
(ft) 80-»2f 19 

(a) 6-601 

(b) 6*80 f ,w 

1*18 

Start of 
flowering 

34 

(a) 2*5281 

(b) 2*868/ 

2*698 

(«) 83-161 Hr><l 
(6) 88-08 ) 85 6 

(а) 7*001 7 . 4() 

(б) 7*80 f /4U 

1*18 


42 

(а) 3*1521 

(б) 3*882/ 

3*517 

(а) 100-01 107 , 

(б) 114*0/ IU7 ° 

(а) 8*301 

(б) 10*70/ 

1*21 


71 

(a) 9*3651 

(b) 8*640/ 

9*002 

(а) 399*41 410 . 4 

(б) 421 *3/ * 1U * 

(а) 37-51 

(б) 42*8/ 41,4 

1*32 

Fully ripe 

71 

J 3*257 


203*3 

17*1 

_ 

Pods 

t 6*565 


207*5 

20*3 

— 

Vines 


Bioehem. 1936 xxx 
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0 12 24 36 48 bO 72 days 

Fig. 1. •-• Tryptophan *N as % of total N. •-• Tryptophan, mg. per plant. 

The tryptophan content of red clover at different stages of growth. 

The material was obtained from a clover field in the vicinity of Helsinki. All 
foreign material was carefully removed from the samples, whereujxm these were 
thoroughly minced. Part of the minced material was used for the determination 
of dry matter and of carotene. The carotene determinations were made on 
duplicate samples of 40 g. each according to Willstatter. The remaining material 
was dried in vacuo at 100° for 5 hours, and ground to a fine powder. Tryptophan 
was determined on duplicate samples of 1 g. of the dry powder. The results an* 
shown in Table II. 


Table II. 


Date of 
sampling 

Length 

of 

clover 

cm. 

Dry matter 

O' 

/o 

Total N 
mg. per g. 
dry matter 

Tryptophan 
mg. per g. 
dry matter 

Trypto¬ 
phan- N 
% of 
total N 

Carotene 
mg. per g. 
dry matter 

Carotene 
°« of dry 
matter 

June 6 

20 

(а) 12*30 > 

(б) 12*42 f 

12-36 

(«) 40-88| 
(6) 41-161 

| 41-02 

(«) 3-81 U 76 
(6) 3-70/ '* 7b 

1-25 

(а) 0-141) 

(б) 0-137/ 

0-139 

0-0139 

„ 12 

25 

(а) 12-901 

(б) 12-58/ 

12-74 

(a) 37-521 

(b) 37-80 j 

37-60 

(a) 3-97) 

(b) 3-85 f 6 Jl 

1-42 

(a) 0-1531 
(5) 0-130( 

0-142 

0-0142 

„ 17 

30 

(а) 11-40) 

(б) 11-48/ 

11-44 

(a) 35-56 

(b) 35-56 

| 35-50 

W 4-761 4 . w 
(b) 5-04 / 4 w 

1-90 

(a) 0-144) 

(b) 0-146) 

• 0-145 

0-0145 

„ 21 

35 

(a) 11-0 ) 

(b) 10-98/ 

10-99 

(a) 30-801 

(b) 31-08 j 

[ 30-94 

(«) 5-00. , m 
(4) 5-711 6 ,M) 

2-50 

(a) 0-182) 

(b) 0-182/ 

0-182 

0-0182 

„ 27 

55 

(а) 11-10! 

(б) 11-30 f 

11-20 

(а) 26-88] 

(б) 27-16 j 

[ 27-02 

{a) 3*66) n|jfl 
(b) 4-10 f 

1*97 

(a) 0-131) 

(ft) ~ f 

0-131 

0-0131 

July 4* 

75 

(а) 12-891 

(б) 13-0 f 

12-95 

(a) 23-94 

(b) 24-22 

| 24-08 

(a) 2-571 

(b) 2-75) 

1- 51 

(a) 0-0591 

(b) 0-057) 

0-058 

0-0058 

„ 3 

80 

(a) 17-95) 
0 b) 17-95/ 

17*95 

(а) 22-12] 

(б) 22-26| 

| 22-19 

W 2*38) 2<40 
(b) 2-42/ 

1-46 

(fl) 0-0511 
(5) 0-049/ 

0-050 

0-0050 

» 20 

80 

(a) 18-24) 

(b) 18-30/ 

18-27 

(a) 22-261 

(b) 22-40] 

[ 22-33 

W 2*16) 0 . 27 

(6) 2-37/ 

1*40 

(а) 0-057) 

(б) 0-067/ 

0 062 

0-0062 

Aug. a 

80 

(a) 23-90) 

(b) 24-10/ 

24-00 

(а) 18-34] 

(б) 18-62 ] 

[ 18-48 

(а) 1*991 2 . ()5 

(б) 2-11 f 205 

1-51 

(а) 0-040) 

(б) 0-040/ 

0*040 

0*0040 


* Start of flowering. 
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Conclusions. 

The variations in the tryptophan content are, on the whole, very similar 
both with peas and with clover. It is particularly interesting to note that in 
both experiments the % tryptophan content (total N basis) reaches a maximum 
at an early stage of growth, before blooming. At this stage the % of tryptopban- 
N in both plant species is double that noted in the seeds. The % content of 
tryptophan then falls rapidly so that, at the start of blooming, it is but slightly 
higher than in the seeds. There is very little change during the subsequent 
stages of growth, excepting a slight rise at about the time the seeds begin to 
ripen. 

The experiments with peas, in which the total tryptophan content of 5 
plants was determined at various stages of development, show that the above 
fail of the tryptophan-N : total N ratio was not exclusively due to a rise in the 
total N, but that the absolute content of tryptophan has also fallen (from 9-3 to 
0*7 mg. per 5 plants). This is a most interesting result, showing that the lowering 
of the tryptophan content at the later stages of development cannot be explained 
by assuming that amino-acids other than tryptophan are formed in larger 
quantities at about the start of blooming, but that part of the tryptophan 
actually disappears from the plant at this stage. It is also interesting to note 
that during the earliest stages of growth about one-half of the rise in the total N 
is ascribable to the increase in tryptophan-N, although the latter constitutes 
only alwwt 1-2% of the total N. This remarkable rise in the tryptophan content 
during the early stages suggests that tryptophan plays an important part in the 
metabolism of the immature plant, possibly as a source of growth-promoting 
factors (/?-indolylacetic acid). 

It is also seen that the carotene content of clover reaches a maximum 
simultaneously with the tryptophan content. Virtanen et al. [1933] have already 
shown that in the green plant the contents of carotene and of vitamin C are 
highest during the period of most vigorous growth. 
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CCXII. THE ASSAY OF 77?i4MSDEHYDROANDRO- 
STERONE AND ITS EFFECTS ON MALE AND 
FEMALE GONADECTOMIZED RATS. 

By VLADIMIR KORENCHEVSKY and MARJORIE DENNISON. 

From the Lister Institute, London. 

(Received 30 June 1936.) 

In our previous papers [Korenchevsky, 1935-36; Koronchcvsky et al. 1934-36] we 
have studied the effects of those sexual hormones which are known to be present 
in the organs or excreted in the urine, namely, androsterone, testosterone and 
oestrone. 

In the present paper the series of male hormones is concluded by giving the 
results of our experiments with Jrarwdehydroandrosterone. It has not yet been 
proved in the case of human urine that the qestrogenic hormone in the urine of 
the male is oestrone nor has it been proved for any species that the male activity 
of female urine is due to androsterone, £ra?w?dehydroandrosterone or testosterone. 
Haussler [1934] and Girard (personal communication), however, isolated a 
chemically pure preparation of oestrone from the urine of stallions. It is therefore 
almost certain that the oestrogenic activity of human urine and that of other 
mammals is also due to oestrone. In addition to oestrone Girard (personal 
communication) isolated from the urine of stallions compounds similar to, but in 
some respects different from, equilenin. We have therefore studied the effect of 
oestrone on males and, since at least some of the male hormones mentioned 
above are suspected of being the cause of the specific sexual activity of the urine 
and blood of females, the effect of these male hormones on females was in¬ 
vestigated. 

Recently Koch [1936] made a careful quantitative examination of the male 
and female sexual activities in the human urine of both sexes. 

A. Previous experiments with tr&nadehydroandrosterone. 

Jran^Dehydroandrosterone (hereinafter referred to as T.D. androsterone) was 
isolated from male urine by Butenandt and his co-workers [1934; 1935]; by 
Schoeller et al. [1935] and by Oppenauer [1935], the quantity of this hormone in 
the urine being about the same as that of androsterone. These workers, as well 
as Ruzicka & Wettstein [1935,1,2], Ruzicka et al. [1935] prepared this hormone 
artificially. The biological properties of this hormone have been studied very 
little and some of the results obtained are contradictory. While Butenandt 
found that 1 capon unit was contained in about 600 y, Tschopp [Ruzicka et ah 
1935; Tschopp, 1936] stated that 1 c.u. was contained in about 150-200y, but in 
another paper [Ruzicka & Wettstein, 1935,1] gave the figure as 500y. Deanesly 
& Parkes [1936, 1] found 1 C.TJ, in 300y. 

Tschopp [Ruzicka Sc Wettstein, 1935, 2] found that up to 500y of T.D. 
androsterone injected daily for 10 days had no definite effect on the seminal 
vesicles and prostate of castrated rats. Deanesly & Parkes [1936, 1], also 
injecting for 10 days, found that doses of 1 and 2 mg. per day had a slight effect 
on these organs. 


( 1514 ) 
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Butenandt et al . [1935] found no oestrogenic effect of 2 mg. of T.D. andro- 
sterone on the vagina of ovariectomized mice, but obtained positive results with 
normal infantile females. Tschopp [1936], working with ovariectomized rats, 
confirmed this statement by Butenandt of the laok of oestrogenic effect of T.D. 
androsterone. Deanesly & Parkes [1936, 2], in 4 of 5 rats, found, however, that 
total doses of 2-3 mg. had oestrogenic activity on the vagina in both normal 
and ovariectomized rats. 


B. Present experiments. 

The experiments were performed with T.D. androsterone artificially prepared 
by Ruzicka and his co-workers and kindly supplied by Messrs Ciba Ltd. The 
hormone was dissolved in sesame oil and was investigated by our usual technique 
which is fully described in our previous papers. The animals were injected in the 
assay experiments for 7 days and in the prolonged experiments for 21 days, the 
daily dose being injected in half-doses twice a day. The control rats, nonnal and 
gonadectomized, were injected with the sesame oil only. 

I. The. assay of T.D. androsterone. 

Using Korenchevsky’s method, the assay was performed on 38 rats belonging 
to 8 litters. The ages of the litters at dissection varied from 57 to 65 days. The 
results obtained are given in Table I. Although the effect on the sexual organs 


Table 1. Assay experiment. 

The effect of 7 days’ injection of testosterone on sexual organs, thymus 
and body weight of male castrated rats. 

Hats injected with (nig.) 
Control ; -*..—— 


Organ 

Weights 

rats 

0-8 

1 

o 

4 

Seminal vesicles (mg.) 

A. Average weights. 
Actual 94 

15-1 

15*4 

180 

25-7 

Prostate (mg.) 

Actual 

54 

72 

77 

85 

104 

Prostate with seminal 

Actual 

63 

87 

92 

103 

130 

vesicle (mg.) 

Penis (mg.) 

I'reputiftl glands (rag.) 

Actual 

72 

94 

92 

104 

120 

Actual 

60 

95 

110 

116 

118 

Thymus (mg.) 

Actual 

666 

658 

608 

599 

568 

Final body weight (g.) 

Actual 

211 

222 

228 

227 

219 

No. of rats in each group 

— 

7 

9 

9 

7 

6 

Seminal vesicles 

B. Percentage changes in weight. 
Actual — +61 

+ 64 

+ 92 

+ 173 

Per unit of body weight 

— 

+ 53 

+ 52 

+ 79 

+ 164 

Prostate 

Actual 

— 

+ 33 

+ 43 

+ 57 

+ 93 


Per unit of body weight 

— 

+ 27 

+ 33 

+ 47 

+ 86 

Prostate with seminal 

Actual 

— 

+ 38 

+46 

+ 64 

4 106 

vesicles 

Per unit of body weight 

— 

+ 30 

+ 35 

+ 52 

+ 98 

Penis 

Actual 

— 

+ 31 

+ 28 

+ 44 

+ J 67 


Per unit of body weight 

— 

+ 25 

+ 19 

+ 35 

+ 62 

Preputial glands 

Actual 

— 

+ 58 

+ 83 

t 93 

+ 97 

Per unit of body weight 

— 

+ 49 

+ 70 

+ 79 

+ 90 


and thymus was dear, it was small even with suoh a large dose as 4 mg. per day. 
One rat unit was found to be contained in about 940y, as measured by a 40 % 
increase in the actual weight of the prostate. 
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II. Prolonged injection of T.D. androsterone , alone or simultaneously 
with oestrone , into castrated male rats. 

Experiments were performed on 42 rats belonging to 9 litters, half the litters 
being killed at about 68 days old and the rest at about 86 days old. Therefore, 
in Table II, in which all the other details are also summarized, the data for these 
two age groups are given separately. As no normal control rats were available 
for the age group 86 days, the average weights of the organs of 5 normal rats 
(about 96 days old) from another experiment were used for comparison and 
inserted into the corresponding group of col. i, Table II. 

Table II. Effect of prolonged injection of sexual hormones on male rats. 

The average actual weights of the organs of castrated rats injected with sexual hormones as 
compared with those of the organs of normal or castrated control rats injected with oil only. 

i ii iii iv v vi vii 

Castrated rats injected with 



Normal 

Castrated 

T.D. 

, androsterone 

(>estronc 
6 y -f 

T.l). 

andro¬ 

Av. 
age of 


control 

control 

,- 

- a - 

- 1 

sterone 

rats 

Organ 

rats 

rats 

1 mg. 

2 mg. 

3 mg. 

1 mg. 

days 

Seminal vesicles (mg.) 

677 

11 

18 

— 

29 

23 

68 


999 

14 

18 

31 

-- 

— 

86 

Prostate (mg.) 

799 

57 

81 

— 

105 

97 

68 

1250 

64 

91 

127 

.... 

— 

86 

Seminal vesicles 4- pro- 

1476 

68 

99 

— 

134 

120 

68 

state (mg.) 

2249 

78 

109 

158 

— 

— 

86 

Penis (mg.) 

280 

63 

98 


120 

110 

68 

328 

85 

110 

132 

— 

— 

86 

Preputial glands (mg.) 

137 

49 

101 

— 

160 

124 

68 


144 

57 

117 

109 



86 

Adrenals (mg.) 

56 

79 

63 

— 

55 

64 

68 

60 

85 

71 

66 

— 

— 

86 

Hypophysis (mg.) 

9-2 

13-3 

12-5 

— 

12-7 

14*3 

68 

10-8 

14-5 

14-7 

14-5 


— 

86 

Thymus (mg.) 

462 

579 

584 

— 

549 

504 

68 


315 

615 

543 

579 

— 

— 

86 

Liver (g.) 

13-3 

10*9 

11*0 

_ 

11*7 

9*4 

68 

13 6 

11-6 

12-6 

134 


— 

86 

Kidney (g.) 

2-06 

1-65 

1*76 

— 

1-72 

1*72 

68 


2-31 

1-91 

1-93 

1*96 

— 

— 

86 

Heart (mg.) 

928 

703 

780 

_ 

772 

706 

68 


960 

931 

919 

973 

— 

— 

86 

Average final body 

295 

244 

250 

_ 

255 

220 

68 

weight (g.) 

367 

314 

319 

327 

— 

— 

86 

No. of rats in group 

2(+5) 

9 

14 

7 

2 

8 

— 


In order to economize space, the weights of the organs per unit of body weight 
are not given, but will be mentioned in the text in those cases where the char¬ 
acter of the changes, as judged by these two data, differs. 

Sexual organs and thymus. In spite of the fact that in this prolonged experi¬ 
ment the period of injection of T.D. androsterone was three rimes longer than 
in the assay experiment, the hypertrophy of the sexual organs and the rate of 
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involution of the thymus (Table II, cols, iii, iv, v) were only slightly greater than 
those observed in the assay experiments (Table 1). 

The addition of oestrone (Table II, col. vi) caused only a slight increase in 
the effect of the similar dose (Col. iii) of T.I). androsterone. 

Adrenals and liver. In contrast to the effects described above, the injections 
brought al)out a return to the normal weight in the case of the hypertrophied 
“ castration ” adrenals and the decreased “ castration ” liver, the effect increasing 
with the larger doses. Whilst the addition of oestrone did not definitely influence 
the changes in weight produced in the adrenals, it apj>eared to prevent the 
hypertrophy of the liver, even in some cases causing a decrease in the actual 
weight. The data per unit of body weight however show that this failure of the 
liver to hypertrophy must be partly explained by the smaller liver observed in 
animals with a smaller body weight, the smaller body weight in this case being 
caused by the injection of oestrone. 

Other organs, fat, deposition and body weight. Castration produces hypertrophy 
of the hyjKiphysis (col. ii) and a slight decrease in the weight of the kidneys and 
heart (col. ii). With perhaps the exception of some effect on the heart, the 
injections did not bring about a return to the normal weight in the case of these 
organs. The changes in the weight of the heart however were very small and are 
only mentioned Iwcause they are in agreement with the results obtained with the 
other male hormones [Korenchevsky (i at. 1935: 1936J. 

No changes were observed in the thyroids, spleen, fat deposition and body 
weight after the injections; excepting in the rats injected simultaneously with 
oestrone and T.I). androsterone, in which the body weight, gain in body 
weight and fat deposition were less than in the rats injected with T.I). andro¬ 
sterone alone. This is a typical effect of oestrone as was shown in our previous 
papers. 

III. Prolonged injections of T.D. androsterone ,, alone or simultaneously with 
oestrone into female spayed rats. 

The experiment was performed on fil rats belonging to 13 litters, ovariocto- 
mized before sexual maturity and killed at ages varying from 01 to 77 days. The 
injections wore begun from 14 to 34 days after ovariectomy and continued daily 
for 21 days. The data obtained and other details of the experiments are sum¬ 
marized in Table III. In the normal females the weights of the uteri of only 
those rats which wen* in dioestrus were used for the average. 

The sexual organs. While not large, the stimulating effect of T.I). andro¬ 
sterone on the uterus and vagina was quite definite (cols, iv, v, vi), though less 
than that of oestrone (col. iii). Only in some cases was the addition of oestrone 
(cols, vii-ix) followed by a slight increase in the degree of hypertrophy observed 
with oestrone alone (col. iii). 

In contrast to this small effect of T.D. androsterone on the uterus and vagina 
is the high degree of hypertrophy of the female preputial glands which exceeded 
even the normal size whilst the addition of oestrone did not have any effect on 
the weight of these glands. 

Thymus . The rate of involution of the thymus was definitely increased by the 
injection of T.D. androsterone but was less than in the rats injected with 
oestrone alone or simultaneously with T.D. androsterone. 

Adrenals and liver . As in castrated males, injections of T.D. androsterone 
(ools. iv-vi) were followed by a decrease in the weight of the adrenals and an 
increase in the weight of the liver. When oestrone was injected simultaneously 
these effects decreased in degree or disappeared entirely. 
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Table III. Effect of prolonged injection of sexual hormones on female rats. 

The average actual weights of the organs of spayod rats injected with sexual hormones as 
compared with those of the organs of normal or spayed control rats injected with oil only. 


Normal Spayed 
control control Oestrone 


Organ 

rats 

rats 

fiy 

Uterus (mg.) 

359 

33 

123 

(dioestrus) 

Cervix of 

103 

13 

50 

uterus (mg.) 

Vagina (mg.) 

241 

130 

186 

Female preputial 

110 

76 

78 

glands (mg.) 

Adrenals (mg.) 

62 

80 

79 

Thyroids (mg.) 

16 

19 

18 

Hypophysis (mg.) 

13-3 

12*3 

12-9 

Thymus (mg.) 

413 

687 

499 

Liver (g.) 

8*2 

9-0 

74 

Kidney (g.) 

140 

1-59 

1-53 

Heart (mg.) 

628 

694 

619 

Fat (g.) 

7 

7 

6 

Average final 

181 

218 

189 

body weight (g.) 

Gain in body 

59 

89 

40 

weight (g.) 

No. of rats in group 8 

13 

11 


iv 

V 

vi 

vii 

viii 

ix 


Spayed rats injected with 





Oestrone Oostrone Oestrone 




6y+ 

6y + 

6y +• 




T.D. 

T.D. 

T.D. 

T.D. androsterone 

andro¬ 

andro¬ 

andro¬ 

t 

-V- 

- . 

sterone 

sterone 

sterone 

1 mg. 

2 mg. 

4 mg. 

1 mg. 

2 mg. 

4 mg. 

56 

57 

69 

141 

140 

110 

22 

22 

30 

37 

53 

47 

143 

152 

163 

206 

200 

204 

190 

176 

146 

141 

158 

216 

74 

62 

55 

71 

73 

70 

21 

22 

22 

20 

18 

18 

12-2 

12-2 

n-8 

13-6 

124 

12-1 

519 

564 

549 

477 

465 

471 

10-0 

10-5 

1M 

8-5 

8*6 

9*8 

1-53 

1-56 

1-54 

1*59 

1-51 

1-52 

677 

687 

713 

635 

644 

647 

7 

7 

8 

5 

5 

6 

213 

208 

210 

191 

182 

206 

85 

71 

82 

51 

33 

56 

4 

6 

4 

5 

6 

4 


Thyroids. When calculated per unit of body weight, no increase in the weight 
of the thyroids was seen after ovariectomy, whilst after T.D. androsterone 
injections there was a slight increase both in the actual weight and in the weight 
per unit of body weight of these glands. The increase however was small and 
therefore until the histological examination is completed the significance of this 
increase cannot be ascertained. 

Other organs, fat deposition and body weight. No definite changes in the 
weight of the hypophysis, kidneys and heart or in the fat deposition and body 
weight were observed after the injection of T.D. androsterone, whilst injections 
of oestrone alone (col. iii) or simultaneously with T.D. androsterone (cols, vii-ix) 
caused a decrease in the final body weight, the gain in body weight and the fat 
deposition as compared with spayed control rats (col. ii). 


Discussion, 

Before the histological investigation is completed, it is not possible to make a 
final evaluation of the results obtained, more especially as regards the question 
whether the return to or towards the normal weight is accompanied by the 
restoration of the normal histological picture. 

Several points however are clearly demonstrated in the results obtained. 
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Male rats. 

The rat unit . The rat unit (as defined by Korenchevsky) is contained in 8 y 
of testosterone, 21 y of androsteronediol, 170y androsterone and 940y of trans- 
dehydroandrosterone. Thus from the point of view of the smallest active dose 
T.l). androsterone is a very weak sexual hormone. 

The qualitative effect on the sexual organs . The prolonged experiments confirm 
the low activity of this hormone on the sexual organs. It was shown in our 
previous paper (see summarizing Table VII, Korenchevsky et al. 1936, p. 572) 
that the ratio (x 100) of the percentage increase in the weight of the prostate to 
that of the seminal vesicles observed after injections of the hormone indicates 
how nearly the changes approximate to the normal development of the sexual 
organs. To show this, a comparison is made with the ratio obtained during the 
normal growth of the organs in normal rats and after the injection of gonado¬ 
tropic hormone into normal infantile rats. 

It is seen from Table IV that in the short-period injections (cols, i, ii) this 
ratio for T.D. androsterone was on the average 59 (col. ii), which figure is close 
to those* obtained with androsteronediol (64) and testosterone (51), but con¬ 
siderably different from that obtained with androsterone (106). The normal ratio 

Table IV. Ratio ( x 100) of percentage increase in actual weight of prostate to that of 
seminal vesicles after injection of trans dehydroandrosterone compared with this 
ratio obtained with other hormones or observed daring natural growth of the 
organs in normal rats. 

i ii iii iv 

Short-period injections Long-period injections 



' 

Ratio 

r 

Ratio 


Daily 

prostate 

Daily 

prostate 


dose 

to seminal 

dose 

to seminal 


y 

vesicle 

Y 

vesicle 

frtmsDehydroandro- 

800 

54 

1000 

70 

sfceronc 

1000 

67 

2000 

81 


2000 

62 

3000 

51 


4000 

54 

— 


tra nsDehy droand r< >* 

Average 

50 

1000-2000 

76 

sfceronc 

- 

— 

3000 

51 

Androsterone 

Average 

106 

450--2200 

126 


— 

— 

3600 or more 

55 

Androsteronediol 

Average 

64 

175- 350 

54 


— 

— 

700 or more 

24 

Testosterone 

Average 

51 

33- 167 

37 


—* 

— 

500-1000 

29 

Gonadotropic hormone 

Average 

54 

— 

— 

Normal development 

— 

— 

— 

25 


in normal rats 

for comparison in these short-duration experiments is given by the gonadotropic 
hormone which in a few days forces the development of the prostate and seminal 
vesicles of normal infantile animals. This ratio is 54 (col. ii). In short-duration 
experiments therefore T.D. androsterone as well as androsteronediol and testo¬ 
sterone (but not androsterone) give a ratio approximating to the normal. 

For comparison of the results of the long-period injections (cols, iii, iv) the 
normal ratio should be taken as that which is obtained from the normal develop¬ 
ment of the prostate and seminal vesicles in normal rats (=*25, see col. iv). 
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Usually injections of the higher doses of the hormones give a closer approxi¬ 
mation to this normal standard [Korenchevsky et al. 1936]. It can be seen from 
Table IV (cols, iii, iv) that this ratio for the high doses of T.D. androsterone (51) 
and androsterone (55) is very different from the normal ratio (25), whilst for 
androsteronediol (24) and for testosterone (29) it approximates closely to the 
normal ratio. In general, however, taking into consideration both the short and 
long experiments, the development of the prostate and seminal vesicles obtained 
is qualitatively closer to the normal with T.D. androsterone than with andro¬ 
sterone, though this latter hormone is quantitatively the more potent of the two. 

Although even the largest doses of T.D. androsterone used did not bring 
about any considerable increase in the weights of the seminal vesicles, prostate 
or penis, the weight of the preputial glands became normal or nearly normal. 

The effect on other organs. The weights of the thymus, adrenals, liver, kidneys 
and heart, which change after castration, were restored to or towards the normal 
weight by androsterone, by androsteronediol and by testosterone. The decreased 
gain in body weight of castrated rats was also improved by each of these three 
hormones [Korenchevsky et al. 1935: 1936]. T.D. androsterone produced a 
similar effect in the case of the adrenals and liver, but the action on the thymus 
and heart was much weaker and in some cases absent altogether. The weight of 
the kidneys and the gain in body weight also showed no definite change with 
T.D. androsterone. 

Female rats. 

The sexual organs . The effect of T.D. androsterone on t he uterus and vagina 
was greater than that of androsterone [Korenchevsky et al. 1935, Tabic' V, 
p. 2543], but less than that of androsteronediol (ibid.) or of testosterone [Koren¬ 
chevsky et al. 1936, p. 567]. Each of the four hormones brought about hyper¬ 
trophy of the female preputial glands to a weight and size greater than normal. 
All these four male hormones, therefore, undoubtedly have some of the properties 
typical of the female hormones. 

The possible significance of the preputial glands in a differential assay of the 
male and female hormones. In spite of the sensitivity to male hormones of the 
preputial glands of both sexes, they are not suitable for the assay of male hor¬ 
mones since the variation in the weight of these glands both in uninjected and in 
injected rats is high, and can only be compensated by using a large number of 
animals. However, since the weight of these glands in both sexes is unaffected 
by oestrone or oestradiol [Korenchevsky et al. 1936], this difference may be 
helpful as an extra indication of the degree or absence of contamination of the 
female hormone preparations with male hormones. 

Adrenals. Owing to the greater irregularity in the weights of the adrenals in 
female than in male rats, we are still unable to say definitely how frequently after 
ovariectomy these glands hypertrophy. While we intend in our next experiments 
to collect more data and to investigate this question histologically, at present 
we can only say that in our experiments ovariectomy was often followed by an 
increase in the weight of the adrenals, as can be seen, for example, in Table III 
(cols, i, ii). The injection of T.D. androsterone (cols, iv-vi) decreased this hyper¬ 
trophy and with the large dose the normal weight was restored. This decrease in 
the size and weight of the adrenals was also seen after the injection of andro¬ 
sterone, of androsteronediol and (taking into consideration our hitherto un¬ 
published results with testosterone) of testosterone. With respect to this effect of 
testosterone, the statement in our previous paper as to the absence of effect of 
this hormone on the weight of the adrenals [Korenchevsky et ah 1936, p. 573] 
made provisionally (as only a few rats were used) must be corrected. Thus, in 
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both gonadectomized males and females, the weight and size of the adrenals are 
decreased by male hormones. 

Liver. In both our published [Korenchevsky et al. 1936] and unpublished 
experiments with testosterone, no effect was seen on the weight of the liver, 
while with androsterone, androsteronediol and with T.D. androsterone (present 
experiments) there was a marked increase in the weight of the liver of ovariecto- 
mized rats. 

Other organs and gain in weight. Except for a slight increase in the rate of 
involution of the thymus no definite influence of T.D. androsterone was observed 
on the other organs, fat deposition or gain in tody weight. In contradistinction 
to this, androsterone, androsteronediol and testosterone caused a greater increase 
in the rate* of involution of the thymus, slightly decreased the weight of the 
hypophysis and (androsterone and androsteronediol) increased the weight of 
the kidneys and gain in body weight [Korenchevsky et al. 1935; 1936]. 

The co-operative activity of T.D. androsterone and oestrone on males and females. 
In the case of males this activity was found to be very slight and in the females, 
unless shown on histological investigation, is doubtful. With androsterone, 
androsteronediol or testosterone on the other hand this co-operation with 
oestrone was definite [Korenchevsky et al. 1935: 1936]. 

Sc MM ARY. 

1. Experiments were performed on 7 normal and 78 castrated males and 8 
normal and 61 ovariectomized females, in order to investigate the effect on the 
weight of various organs of Ruzieka’s artificial frawsdehvdroandrosterone, when 
injected alone or simultaneously with oestrone. 

2. Korenehevsky’s rat unit of T.D. androsterone was found to be contained 
in about 940 y. 

3. The restorative effect of T.D. androsterone* on the atrophied sexual organs 
of male and female gonadeetomized rats was definite, but (except in the ease of 
the preputial glands) small. The co-operative effect with oestrone was only 
slight (males) or doubtful (females). 

4. Thus T.D. androsterone showed some of the properties typical of the 
female hormones. 

5. The response of the preputial glands in both sexes to all the male hormones 
(so far investigated by us) and the lack of such a response to oestrone or oestra- 
diol can be used as an additional check in the different ial assay of male and female 
sexual hormone preparations. 

6. T.D. androsterone caused a decrease in the weight of the adrenals, slightly 
increased the rate of involution of the thymus and increased the weight of the 
liver in both male and female gonadectomized rats. 

7. The similarities and differences in the biological properties of T.D. 
androsterone and the other male hormones as investigated by us were discussed. 

8. The ratio of the percentage increase in the weight of the prostate to that 
of the seminal vesicles after the injection of T.D. androsterone was found to be 
similar to that obtained with gonadotropic hormone, but different from that 
observed during the normal development of normal rats. 

Grants from the Medical Research Council and from the Lister Institute have 
enabled us to carry out this work and to them our thanks are due. We wish to 
express our gratitude to Prof. A. Girard for his valuable information and for 
kindly supplying us with oestrone; and to Messrs Ciha Ltd., in particular to 
Dr K. Miescher, for the generous supply of transde hydroandrosterone. 
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“ Ultrafiltration is an exceedingly slow and tedious operation and at present 
restricted to the laboratory.” This statement, in a recent text-book of colloid 
chemistry [Thomas, 1934], will be more or less endorsed by most experimental 
workers, especially by those who only use this method occasionally. Concentration 
by ultrafiltration might seem a choice method for colloids which are inactivated 
easily, but so far it has only been successful in few oases. The ineffectiveness of 
this technique is principally due to clogging of the ultrafilter membrane by a 
deposit of the disperse phase; this reduces the filtration velocity very much or 
stops the process altogether. In many methods a scraping device is incorporated, 
but its advantage is doubtful, since a very thin deposit is as effective in retarding 
ultrafiltration as a thick one, and the scraper or stirrer cannot effectually remove 
it. Hence as a rule a small amount of ultrafiltrate is obtained in the first hours 
and after that not much more. Of course, an experienced worker can make 
membranes, which combine impermeability to protein with rapid ultrafiltration 
in the first hours, but for clinical application, esjiecially, there is need of a method 
for collecting about 3 ml. of protein-free ultrafiltrate from about 10 ml. of serum 
or blood in half an hour's time, without requiring skill in the preparation of 
suitable' membranes. Such a method is described in this paper. 

The pressure necessary for rapid ultrafiltration is obtained by centrifugal 
force, as in De Waard’s [1918] method. In this latter method however the 
filtering membrane is, as in all other procedures, at right angles to the direction 
of the filtering solutions, so that the membrane is dogged by the deposit in about 
1 hour. 

If however one uses a small cylindrical unglazed porcelain pot, covered on 
the inside by an ultra-filter membrane, the centrifugal pressure is exerted on the 
sidewall and bottom, whilst any peripheral part of the liquid w hich becomes 
increased in specific gravity is centrifuged towards the bottom. In this way 
clogging is prevented, since any part which becomes denser through ultrafiltra¬ 
tion moves at right angles to the direction of the ultrafiltering stream. 

The velocity of ultrafiltration now only depends on the centrifugal pressure, 
and the dimensions of the column of solution. The following example illustrates 
- the situation: an ultrafilter tube is filled with 10 ml. of 1 % haemoglobin solution 
and centrifuged for 10min.; in this time 2*1 ml. of protein-free ultrafiltrate are 
formed; a second rotation for 10 min. yields 1-3 ml, a third yields 1*0 ml. and a 
fourth 0*8 ml. So in 40 min. 5*2 ml. of ultrafiltrate have been obtained from 
10 ml. of haemoglobin solution, the concentration of which is now' doubled. 

If the amount of Hb solution in the cylinder is brought up to 10 ml. at the 
end of each 10 min. interval, the production of ultrafiltrate proceeds at a constant 
rate of 2 ml. per 10 min. 
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As regards coating the porcelain cylinder with an ultrafiltration layer, it was 
desirable that (a) the membrane should be impermeable to colloids like serum 
proteins or haemoglobin, without at the same time being too slowly permeable 
to water and crystalloid solutes, (b) the ultrafilter layer should be easy to make 
and reproducible, and (c) the durability of this layer should be as good as 
possible or that the layer might be quickly regenerated. After many trials we 
found these conditions to a certain extent fulfilled by covering unglazed 
“chamotte” cylinders (which have fine pores and a smooth inner surface) with 
a layer of sodium water-glass (30%). Potassium water-glass cannot be used. 
The membrane is made as follows. 

The dry porous cylinders are filled with the water-glass and left standing for 
some minutes; the water-glass is then poured out again and the cylinders are 
kept upside down till no more liquid drains off. They are then set aside for 30min. 
at room temperature. After that, they are rinsed with tap water for 1 to 2 min. 
and tested with haemoglobin solution. 

For a 10 ml. covered cylinder filled with 1 % haemoglobin solution and 
rotating in an ordinary centrifuge at 3000 r.p.m. the amount of ultrafiltrate 
in 10 min. should be 1-2 ml. If, at the first trial the amount of protein-free 
ultrafiltrate is too small, e.g. 0-5 ml., this is corrected by rinsing with tap water 
for 10-15 min. The silicate covering appears to swell a little under this treat¬ 
ment and the permeability increases. If the contact with streaming water is too 
long, the swelling may lead to a permeability for colloids; the filters have then 
to be dried for a longer time, e.g. overnight, and generally the impermeability for 
colloids is restored. If this is not so, one has to apply a new coating of water-glass. 

We have found that some porous cylinders are not suited for these water- 
glass membranes. We use a type having a soft and smooth surface with very 
fine pores; it is not known by any special name, but may t>e obtained at low cost 
from Messrs Marius, Utrecht, Holland. The filter tubes will stand a long and 
intensive use; we have used them for 4-5 hours every day, for 2 weeks at a time, 
without a significant change in permeability. Sometimes a slight decrease was 
observed, which was overcome by a short rinsing with tap water. 

When not in use the filters are kept in moist paper in a cool place. They may 
then dry a little too much and consequently have a lessened permeability; this is 
treated as described above. It is remarkable that no deposit at all becomes 
observable when the filters are used for concentration by ultrafiltration. The 
concentration of the disperse phase steadily increases, and so it is possible to 
divide 10 ml. of a 1 % haemoglobin solution into 5 ml. of a 2 % solution and 
5 ml. of a protein-free ultrafiltrate in about half an hour. 

If, during this process, the volume of the contents of the tube is kept con¬ 
stant every 10 min., by replacing the lost water by small rods of a suitable solid, 
inert material, a 10-fold concentration may be reached in 1 hour. We use for this 
purpose an artificial resin, but any other solid with a specific gravity just over 
1 may be used. 

When larger amounts of colloidal solution are to be concentrated, one can 
use 4 tubes at a time, keeping them filled every 10 min. and finally reducing the 
number of tubes to 3, 2 and 1 when the total volume is reduced to 10 ml. We 
have e.g. concentrated 200 ml. of urine, containing 0*04 % of Bence Jones protein 
to 4 ml. of a 2 % solution in 5 hours’ time. It must be mentioned that the porous 
wall of the cylinder we used can take up about 2 ml. of solution, so that, if the 
ultrafiltrate is required for analyses, the first 2 ml. must be discarded. Owing to 
the rapid ultrafiltration process this takes 10-15 min., so that not Much time is 
lost. 
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SUMMARY. 

By coating porcelain cylinders with water-glass, ultrafilters are obtained 
which are very suitable for ultrafiltration and concentration by ultrafiltration 
by means of the centrifuge. The filters are not clogged by the disperse phase and 
will stand heavy use. 
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The proteins contain, apart from the CONH group, a large number of the most 
varied side-chains derived from amino-acid residues. According to Przytgoki 
[1932] the side-chains form in proteins, together with the binding group CONH, 
fourteen typical groups. Thanks to the presence of these groups, the proteins 
possess affinities with a large number of the most varied substances, such as 
(1) compounds possessing polar groups (polysaccharides, fats, lecithins), (2) com¬ 
pounds possessing non-polar groups, such as: light petroleum or other hydro¬ 
carbons, benzene, toluene, cholesterol, etc. The presence or absence of certain 
groups, as also their heterogeneous mutual position contribute to cause the 
greatly differing behaviour of the various proteins. The investigations of Hardy 
[1905] and Pauli & Yalk6 [1933] furnish classical examples of the functional 
relation between the structure and the properties of proteins. Przytpoki and his 
co-workers in a long series of papers [1931-34] have examined the relation 
between the composition of proteins and their ability to form compounds with 
lipoids, fats, nucleic acids and polysaccharides; special regard was paid to the 
dependence of binding on the presence and amount of amino-acids, and their 
distribution in the protein molecule. According to Przytfcki [1932] it is necessary 
to distinguish two types of binding between proteins and other substances, viz.: 

A. Complex compounds formed by the binding of polar groups of proteins 
with the polar groups of other substances free of ionized groups (Willstatter’s 
symplexes). 

B. Compounds of the multi-polar type, formed by the binding of ionized 
groups (e.g. H s P 0 4 , amylopectin etc.) with the ionized groups contained in the 
protein similar to the salts. 

In order to solve the problem of binding between proteins and various non- 
ionized groups, Przyfycki et al . [1935; 1936] conducted two types of experiments. 

I. Polysaccharides (phosphoric acid-free) were bound with pure amino-acids 
and with synthetic polypeptides. The formation of compounds between amylose 
and various amino-acids was examined by means of polarimetric, refracto- 
metric, cataphoretic, cryoscopic and ultrafiltration methods. The results attained 
indicated that the following amino-acids do not combine with amylose: 

(a) glycine, alanine, valine, leucine; 

(b) aspartic acid, glutamic acid, asparagine; 

(c) cystine, phenylalanine, tryptophan, hydroxyproline, lysine and 
histidine; 

(d) the CONH group (pentaglycylglycine, leucylglycylglycine, glycyl- 
glycine, glycylanhydride). 

Amongst the amino-acids, the following are exceptions: tyrosine and arginine 
(with its guanidine group). Tyrosine, for instance, could bind as much as 
20-40% of the polysaccharide. 
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On the basis of these experiments, it was shown that of the large number of 
side-chains and the binding group (CONH) entering into the composition of the 
protein molecule, only arginine and tyrosine combine with polysaccharides. 
Experiments on free amino-acids cannot of course yield proof that only the above 
amino-acids can be taken into account in the binding of polysaccharides with 
proteins, since: 

(1) Free amino-acids do not necessarily react in the same way as when 
forming part of a protein molecule. 

(2) Not all the amino-acids entering into the composition of the protein 
molecule have been identified. 

(3) Many proteins contain various prosthetic groups or contaminants. 

For these reasons a second series of experiments was undertaken, a part of 
which is described herein, the rest having been given by Przyl^cki et al . [1936], 

II. In most of the experiments the results with free amino-acids or with 
polypeptides were in agreement with those for the corresponding proteins. 
These experiments indicate that some proteins bind much amylose, whilst 
others bind or adsorb only insignificant amounts. The positive role of arginine 
and tyrosine was also proved, as only those type's of protein bound amylose 
which contained large quantities of tyrosine (caseinogen 5-4%, serum globulin 
6*7%, silk fibroin 11-0%), or of arginine (clupein with 87 % arginine yielded as 
much as 70-90% of amylose in the precipitate). 

Of the serum proteins examined by Przyl^cki et al. [1931-36] globulin 
bound amylose most strongly, while albumins bound it only under certain given 
conditions. As the experiments on the combination of serum protein with 
amylose were conducted under various conditions and with various methods, 
using substances containing lipoids, it w r as sought to elucidate the following 
points: 

(1) ho w far the various kinds of experimental methods used affect the binding; 

(2) which of the globulins, whether eu- or pseudo-, has the greatest binding 
capacity; 

(3) whether phosphorus-free amylose is also bound by serum proteins; 

(4) whether the fat content of the serum proteins affects their ability to bind 
amylose. 

Experimental. 

Horse and ox strum proteins . 

Separation was effected by fractional precipitation with (NH 4 ) 2 S0 4 , and 
purification by thrice-repeated solution and re-precipitation. The protein was 
then dialysed for 3 days against ordinary water and for 2 days against distilled 
water and then dried in vacuo over sulphuric acid at 35°. 

Phosphorus-free amylose was prepared by electrodialysis for 12 hours of 
2*5% solution of rice starch in a Pauli electrodialyser at about 400 v. and 
30-40 milliamps.; the solution was then evaporated at pH 7, to the desired con¬ 
centration over an ordinary Bunsen burner. Phosphorus was in all cases found 
to be absent. 

Fat-free protein was prepared by Young’s method and in addition protein 
was used from which the fat was extracted by means of ether and methylene 
ohloride. The fat contents of the proteins were determined by the method of 
Kumagayo-Suto. 

Phosphoric acid in the amylose was determined by the help of ammonium 
molybdate after prior evaporation to dryness of the amylose with the addition 
of HN0 S . 
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2 % solutions or suspensions of proteins were used in the experiments, of 
which there were two series. 

In the first series the protein was mixed with a 0*22% solution of amylose, 
and after standing for 15 min. was precipitated by boiling or by changing the 
pH and then filtered out. 

In the second series the protein was coagulated either by heating or by 
changing the pH before adding the amylose; 0*2 % (approx.) solution of amylose 
was added to a 2% suspension of protein, brought to a suitable pH and the 
whole filtered after 15 min. 

The combination between the protein and the amylose was determined by 
changing the concentration of amylose in the filtrate. The amylose in the filtrate 
was determined by the method of Pfliiger. The tables give the percentage 
diminution in amylose concentration and the quantity of amylose bound by the 
protein in percentages of the latter. 

In addition, experiments were conducted in the presence of neutral salts 
(CaCla, Na^ and KC1). 

Results. 

Protein coagulation and the binding of amylose by serum albumin . 

In order to ascertain whether protein coagulated by boiling or by change of 
pH possesses the same ability to bind amylose as protein in the form of a 
sol, the following scries of experiments was made: 

(1) 50 ml. 2% suspension of ox albumin+ 50 ml. of 0-22% solution of 
amylose+0*5 g. of Na 2 S0 4 (pH 4*0). 

(2) 50 ml. 2% suspension of ox albumin + 50 ml. of amylose+0-5 g. CaCl 2 
(pH 7*7). 

(3) Same as No. 2, but pH 8*0. 

(4) 50 ml. of ox albumin solution + 50 ml. amylose+0*5 g. CaCl 2 (pH 7*7). 
Albumin precipitated by heating. 

(5) Same as No. 4, but pH 8*0. 

(6) 50 ml. of ox albumin solution+ 50 ml. of amylose +1 % Na 2 S0 4 (pH 4*0). 

(7) Same as No. 6, but albumin precipitated by heating, pH 8*0. 

(8) 50 ml. of ox albumin solution + 50 ml. amylose (pH 6*17). The albumin 
solution before the addition of amylose was denatured without precipitation 
by heating after adding 5 ml. of Nj 10 NaOH and then precipitated by change 
of pH. 

(9) Same as No. 8, but with horse albumin, pH 5*52. 

It follows from the data in Table I that once albumin is coagulated it can¬ 
not bind amylose. If, however, the protein is in the form of a sol, a slight 
combination ensues. The addition of CaCl 2 does not specially affect the binding 


Exp. 

no. 

1 

2 

3 

4 

5 

6 
7 
S 
9 


pH 

4*0 

7*7 

8-0 

7-7 

7-7 

4*0 

8*0 

6*17 

5-52 


Table I. 


Salt added 

Diminution in 
amylose 
concentration 
% 

Amylose bound 
by protein 
(computed in 
% of protein) 

0*5% Na,S0 4 
0*5% CaCl* 

0 

0 

6*0 

0 

0*5% CaCl, 

0 

0 

0*5% Cad, 

21*5 

2*25 

0*5% CaClg 

25*5 

2*2 

0*5% Na c S0 4 

0 

0 

2% N%S0 4 

29*2 

3*4 

0 

28*9 

2*6 

0 

35*1 

4*8 
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between the albumin and the amylose as when using Na 2 S0 4 we have very 
closely similar results. It is further seen that binding occurs only at moderately 
low pH; thus at pH 4 there is no binding, whereas at pH 5*52 binding occurs. 
If we denaturate the protein (without precipitating it by heating at a high pH), 
mix with amylose and then precipitate by change of pH, the figures obtained are 
practically the same as those for albumin solution precipitated by boiling (cf. 
Exp. 8 with Exps. 4 and 5). Horse albumin binds more strongly than ox 
albumin. 


Fat content and the binding of amylose with pseudoglobtUins. 

In former researches, it was only found that globulins (both eu- and pseudo-) 
bind amylose strongly. In the present series of experiments it was sought to 
determine to which of the globulins this property should be ascribed, and 
whether the fat content affects binding. With these objects in view we took 
ordinary globulin and globulins defatted by the method of Young and by that of 
extraction with ether and methylene chloride. The following experiments were 
then carried out: 

(1) 2% suspensions of pseudoglobulin (horse) prepared by boiling in the 
presence of 2% Na 2 S0 4 ; 25 ml. suspension-f 25 ml. amylose (pH 4 0). 

(2) Same as No. 1, but pH 7-0. 

(3) 2 % solution of pseudoglobulin (horse) dissolved at pH 8*5, amylose 
added and globulin precipitated at pH 5*0. 

(4) 2% solution of pseudoglobulin (defatted by extraction with ether and 
methylene chloride), dissolved in 4% KC1, amylose added, and precipitated by 
boiling (pH 4*0). 

(5) Same as No. 4, but pH 8*0. 

(6) Pseudoglobulin (horse), defatted by Young’s method, dissolved at pH 8*5, 
amylose added, globulin precipitated at pH 6*2; after filtering, the extent of 
combination was examined by determining the loss in concentration of amylose. 


Table II. 


Exp, 

no. 

pH 

Concentration 
of amylose 
o 
, o 

Change in con¬ 
centration of 
amvlose 
o 
,o 

Amylose bound 
by 100 g. of 
protein 
g* 

Diminution 
between control 
and experiment 
mg. 

1 

4 

Oil 

7*7 

08 

0*5 

2 

7 

Oil 

8*1 

0*9 

0*5 

3 

5 

01 

13*1 

1*2 

2*4 

4 

4 

Oil 

3*7 

0*45 

0*9 

5 

8 

Oil 

3*1 

0*4 

0*8 

6 

6*2 

0*15 

0 

0 

0 


It can be seen from this table, excluding Exp. 3, that pseudoglobulin and 
phosphoric acid-free amylose do not combine with each other. The values ob¬ 
tained are so small that they must be regarded as lying within the limits of 
experimental error. On the basis of these figures we can also conclude that the 
lipoid content of pseudoglobulin has only a small influence on the binding of 
amylose. 

Binding of euglobulin with amylose . 

The following experiments were made with euglobulin (ox): 

(1) A suspension of undefatted euglobulin was prepared by dissolving at a 
high pH, then precipitated by the addition of HC1, and an amylose solution was 
added to the suspension. 25 ml. of 2 % suspension of euglobulin -f 25 ml. amylose 
solution {pH 6*2) 



1530 


J. JANICKI AND K. KASPRZYK 


(2) A solution of ox euglobulin, prepared as above, was taken; amylose was 
added and the protein then precipitated by the addition of HC1; 25 ml. of 2% 
solution of euglobulin+25 ml. amylose solution (pH 6-2). 

(3) An undefatted euglobulin solution was prepared as above; N /3 KC1 was 
added and then amylose solution, after which the protein was precipitated by 
change of pH (pH 3-6). 

(4) A solution of euglobulin, defatted by extraction with ether and methylene 
chloride and otherwise prepared as above, was taken, amylose was added and 
precipitation was effected at pH 5*0. 

(5) A solution of ox euglobulin (defatted by Young’s method) and prepared as 
above was taken; amylose was added and precipitation effected by change of 
pH (pH 6*2). 

(6) Same as No. 5, but horse euglobulin used and pH 4*0. 

It can be seen from Table III that it is the euglobulin constituent of globulin 
that causes strong binding with amylose, noticed in previous researches. Here, as 

Table III. 


Exp. 

no. 

pH 

Initial 

concentration of 
amylose 

Diminution 
in final 

concentration of 
amylose 

Amylose bound 
with protein 

O' 

/o 

1 

6*2 

0*16 

9*5 

1*5 

2 

6*2 

015 

48*2 

7*7 

3 

3*6 

0*13 

68*8 

8*95 

4 

6*0 

0*13 

0 

0 

5 

6*2 

0*17 

42*1 

7*05 

6 

4*0 

0*1 

68*6 

7*35 


with albumins, it is necessary to state that once the globulins are coagulated, they 
bind with amylose more weakly. It is also shown that fat has no significance in 
binding amylose. The fact that euglobulins extracted with ether and methylene 
chloride fail to bind with amylose requires further investigation. 


Discussion. 

Earlier research on the binding of proteins with polysaccharides showed 
that not all of the former bind the latter. The present research has made it 
possible to extend this observation, viz. it has been shown that under indentical 
conditions of binding the serum albumins bind amylose deprived of H 3 P0 4 only 
in a very small degree, whilst of the globulins, only euglobulin binds, pseudo¬ 
globulin not doing so to any appreciable extent. 

It can therefore be stated that the chemical composition of these two 
globulins is fundamentally different as the binding between polysaccharides does 
not depend (as was previously shown) on the colloidal properties of proteins 
(size and shape of molecules), but on their composition, i.e. on the composition 
of amino-acids, their distribution in the molecule and their ability to enter into 
the reaction. 

It can also be confirmed that the bindings between proteins and amylose 
are not always of a heteropolar nature. De-Hpoided proteins bind just as do 
those containing fat (cholesterol, lecithin, aliphatic acids). It hence follows that 
amylose is not bound by the lipoid groups attached to the protein. 

It is of interest that coagulation of serum protein before the addition of 
amylose, even in the case of euglobulin with its strongly binding action, results 
in the binding being so weak that no certain conclusion as to its existence can be 
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drawn. This is perhaps due to a mutual interaction of those groups which are 
responsible for combination with the amylose, or possibly also to their molecular 
grouping being re-arranged in such fashion that combination becomes impossible. 

Summary. 

1. Phosphoric acid-free amylose is able to bind with proteins. 

2. Euglobulin is the only serum globulin which binds with polysaccharides 
free of ionized groups; pseudoglobulin practically does not bind, whilst the 
albumins combine only in a very small degree. 

3. Albumin coagulated by boiling or by change of pH does not bind amylose. 

4. Fats do not affect combination between serum euglobulins and amylose, as 
those containing fat bind just as well as those deprived of it by Young’s method. 

The authors have great pleasure in expressing their gratitude to Prof. St J. 
Przyl^cki for his advice and assistance in carrying out this research. 
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CCXV. A NOTE ON THE PRESENCE IN HUMAN 
PREGNANCY URINE OF AN ACID-HYDRO- 
LYSABLE COMBINED FORM 
OF PREGNANDIOL. 

By ARTHUR DIJSTON ODELL and GUY FREDERIC MARRIAN. 

From the Department of Biochemistry , University of Toronto . 

(Received 13 June 1936.) 

Pregnandiol was isolated from human pregnancy urine by Marrian [1929] and 
shortly afterwards independently by Dingemanse el al. [1930] and by Butenandt 
[1930|. Its structure was determined by Butenandt et al. [1931]. Recently a 
revived interest has lieen shown in this compound as a result of the work by 
Butenandt & Schmidt 11934] who showed that by a simple series of procedures it 
can be converted into progesterone. In view of the obvious value of pregnandiol 
as a source of progesterone, it appeared to the authors to be advisable to make a 
study of the conditions necessary for its complete extraction from urine. 

In previous work from this laboratory it has been shown [Cohen et al. 1935] 
that over 99 % of the oestrin in human pregnancy urine is in an acid-hydroly- 
sable combined form. More recently it has been shown that the " combined” 
oestriol may be quantitatively extracted from the urine with butyl alcohol and 
that part, at least, of this is an oestriol monoglucuronide [Cohen & Marrian, 
193b]. It has furthermore been shown |Schachter & Marrian, unpublished] that 
butyl alcohol will extract most of the “combined" oestrogen® present in the 4 
urine of pregnant mart's. It would also appear probable from the work of 
Adler [ 1934] that some of the androgenic material in human male urine is likewise 
present in a butyl alcohol-soluble, acid-hydrolysable "combined form”. In 
view of these facts it seemed possible that pregnandiol might similarly be excreted 
in a butyl alcohol-soluble combined form. 

Experimental. 

The starting material in all these experiments w as the butyl alcoholic extract 
of pregnancy urine which had lieen washed repeatedly with A r 3 NaOH to remove 
the combined oestriol, washed with water and evaporated to dryness. Such a 
fraction would necessarily contain all the free pregnandiol originally present in 
the urine and probably any '‘combined'* pregnandiol, provided that the latter 
was not sufficiently strongly acidic to be removed by the alkali willing. 

The general procedure adopted was as follows. 

The dry residue from the evaporation of the alkali-w’ashed butyl alcohol 
was dissolved and suspended in a suitable volume of N NaOH. The ether-soluble 
neutral substances (including the free pregnandiol) were removed from this 
mixture by repeated ether extraction. The combined ethereal extracts, after 
washing with water, were evaporated to dryness and the residue dissolved in the 
smallest possible volume of hot acetone. The solution after 2-3 days at 0°, 
deposited crystals of crude pregnandiol. These were filtered off, washed with cold 
acetone and decolorized by boiling with charcoal in ethyl alcoholic solution. The 
material obtained by evaporation of the alcoholic filtrate was finally treated with 
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warm light petroleum in which pregnandiol is nearly insoluble, in order to remove 
soluble impurities, and weighed. For final identification of this material by its 
melting point, it was recrystallized from the smallest possible volume of ethyl 
alcohol. 

The original aqueous alkaline phase was then heated on a water-bath to 
remove all the dissolved ether, adjusted to the desired pH and hydrolysed by 
heating at 100° in a boiling water-bath or at 120° in an autoclave. The hydrolysis 
mixture was next made alkaline (where necessary) by the addition of NaOH, 
and repeatedly extracted with ether. Any pregnandiol set free by the hydrolytic 
treatment was isolated from this ethereal extract by the same procedure as 
described in the preceding paragraph. 

1st experiment . From the butyl alcoholic extract of 100 litres of urine were 
obtained 46*7 mg. of crude free pregnandiol which after one crystallization from 
ethyl alcohol melted at 233-234°. After heating the aqueous alkaline phase at 
100° for 4 hours only 1-2 mg. more of crude pregnandiol were obtained. The 
aqueous phase after hydrolysis for 1*5 hours at pH 2*0 at 100° yielded only 
1*0 mg. more of crude pregnandiol. After a further hydrolysis at pH 1*5 at 100' 
for 2 hours 20 min., 108*2 mg. of crude pregnandiol were obtained, which after 
one crystallization from ethyl alcohol melted at 230-232°. The mixed m.p. with 
highly purified pregnandiol (m.p. 236*7-237°) was 230-234°. 

2nd experiment. The butyl alcohol-soluble fraction from 360 litres of urine 
which had previously been extracted with ether was dissolved in NaOH, 
extracted with ether and then divided into nine equal portions. Each portion 
was then subjected to a different hydrolytic treatment. The results are shown in 
the following table. 


mg. crude 

Hydrolysis pregnandiol 

pH 1*5 at room temperature for 8 days Negligible 

pH 1*5 at 100° for 15 min. 3*2 

pH 1*5 at 100° for 30 min. 0*3 

pH 1-5 at 100° for 60 min. » 0-7 

pH 1*5 at 100° for 120 min. 36*7 

pH 1-5 at 100° for 240 min. 29-0 

pH 1*5 at 120° for 30 min. 1*5 

pH 1*5 at 120° for 60 min. 46-3 

pH 1*5 at 120° for 120 min. 78*4 


Discussion. 

The experiments described conclusively prove that a considerable fraction 
of the pregnandiol excreted in human pregnancy urine is in a combined, ether- 
insoluble form. Since this combined pregnandiol remains in the butyl alcohol 
after repeated extraction with aqueous N/3 NaOH, it is evident that it is a 
much less strongly acidic compound than is oestriolglucuronide. Since the 
alkaline washings of the butyl alcoholic extract of pregnancy urine have not yet 
been examined thoroughly for the presence of combined pregnandiol, the 
possibility cannot be excluded that other more strongly acidic compounds of 
pregnandiol are present in this fraction. 

A rough determination of the conditions necessary for optimum hydrolysis 
of this combined pregnandiol has been made. It was not readily hydrolysed by 
hot N NaOH, at pH 1*5 in the cold or at pH 2*0 at 100° after more than 2 hours. 
Considerable hydrolysis took place at pH 1*5 at 100° after 2 hours, but since the 
yield after a 4-hour hydrolysis was somewhat lower, it would appear possible 
that further hydrolysis under these conditions was accompanied by destruction. 
Hydrolysis in the autoclave at pH 1*5 for 2 hours gave considerably higher 
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yields than were obtained at 100°. It seems possible that the reason for this 
may be that the destruction of pregnandiol in hot acid solution is oxidative in 
character, as is the case with oestriol [Cohen & Marxian, 1935], and that in the 
more anaerobic conditions of the hydrolysis in the autoclave the destruction was 
decreased. 

The attention of the authors was first drawn to the possibility of a destruction 
of pregnandiol by hot acid by the fact that the melting point of the crude preg¬ 
nandiol obtained in the acid-hydrolysis experiments usually ranged between 
205 and 220°, whereas that of the crude pregnandiol extracted before hydrolysis 
was usually between 220 and 225°. At first it was thought that the low melting 
point of the pregnandiol released by hydrolysis might be due to admixture with 
other substances having similar solubilities in acetone and light petroleum which 
had also been liberated. It was found, however, that the melting point of pure 
pregnandiol could be depressed to below 220° by prolonged boiling in aqueous 
acid solution. Such an explanation was therefore unnecessary. 

It must be admitted that these results do not yet provide a wholly satis¬ 
factory solution of the practical problem of obtaining larger yields of pregnandiol 
from pregnancy urine*. The conditions of hydrolysis which would be necessary 
for maximum yields of pregnandiol from whole urine are likely to be quite 
different from those suitable for the relatively urea-free and unbuffered extracts 
used in these ex|K?riments. Furthermore, owing to the destruction by acid, 
much smaller yields of the pure compound are obtained by ethyl alcohol crystal¬ 
lization of the crude pregnandiol released by hydrolysis than can be obtained 
from the same amount of crude pregnandiol directly extracted without hj^dro- 
lysis. It is anticipated that it will be possible to devise methods of hydrolysis 
which will be suitable for whole urine and which will not cause extensive de¬ 
struction of the li!>erated pregnandiol. Owing to the impossibility of continuing 
this work at the present time, it was considered to be advisable to publish these 
preliminary results. 

Summary. 

The presence of an ether-insoluble “combined’* form of pregnandiol in the 
alkali-washed butyl alcoholic extract of human pregnancy urine has been 
detected. This complex is stable to hot alkali but is hydrolysed by hot acid. The 
optimum conditions for its hydrolysis by acids have been approximately 
determined. 
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Note added IS August, 1936 . Since the completion of this paper Venning & 
Browne (Proc. Soc . Exp. Biol. N.Y. (1936), 34, 792) have reported the isolation 
from human pregnancy urine of an oestriol monoglucuronide. 
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V. BEHAVIOUR OF KEPHALIN FROM HUMAN BRAIN 
TOWARDS ACIDS AND BASES. 

By MONA SPIEGEL-ADOLF. 

From the Department of Colloid Chemistry, D. J. McCarthy Foundation, 
Temple University, School of Medicine, Philadelphia, Pa. 

(Received 23 June 1936.) 

Whilst the reactions between proteins and acids and bases have been extensively 
studied, no similar systematic investigations have been conducted on lipoids. 
Yet some phosphatides have features that seem to make them specially fit 
objects for such investigations. The chemical structures of lecithin and kephalin 
are nearly completely elucidated, and they form stable colloidal solutions 
in electrolyte-free water. Finally, kephalin, like proteins, is an ampholyte, the 
absence of the ampholytic feature from lecithin providing an interesting subject 
of comparison. In the experiments to be reported here the physico-chemical 
behaviour of kephalin towards HG1 and NaOH was studied. 

Some observations on lecithin described by other authors have been con¬ 
firmed on material derived from the same brains as the kephalin. 

The origin, preparation and chemical properties of the kephalin used in these 
experiments have been the same as reported in a recent paper [Spiegel-Adolf, 
1935]. The kephalin was obtained from human brains, cleaned from blood and 
meninges, dried at 37° and subsequently pulverized. This powder was extracted 
with ether and then treated with absolute alcohol. This procedure was repeated 
three times. The preparation thus obtained contained 2-64 % of nitrogen and 
5-6 % of phosphorus. It was entirely soluble in water, ether and chloroform, 
insoluble in absolute alcohol and acetone. The conductivity of a 1 % aqueous 
solution is ^=310. 10“ 4 mhos, the cH=l , 38.10~®. After further purification 
by means of dialysis, the conductivity dropped to 9-3.10~ 5 mhos, and the cH 
rose to 4-71.10~®. Further attempts at purification by electrodialysis, which is 
so successful in the case of proteins, have not proved to be equally useful in the 
case of kephalin (and lecithin) solutions. When a positively charged membrane 
was used on the side of the anode, the final cH of the fluid under electrodialysis 
did not rise above 1-88.10“®, at which, according to the findings summarized in 
Tables I and II, kephalin solutions should still be stable. Yet during the electro¬ 
dialysis the whole of the kephalin (and lecithin) was precipitated on the positively 
charged membrane. The deposited kephalin could be brought again into aqueous 
solution which became decidedlymore acid than the original solution (cH 9-16.10~ 4 
against 1-38.10'®). As a chemical change in the kephalin could not be excluded, 
the only purification method used was dialysis. All experiments were made on 
fresh samples of kephalin, although, unlike lecithin [Spiegel-Adolf, 1932; 
Fischgold Sc Chain, 1934], kephalin did not show signs of ageing. 

In the first series of experiments various amounts of Hd were added to 
samples of kephalin. With increasing concentrations of HC1 the solutions became 
more opaque until finally precipitation occurred. At 0-02 N HC1 ini % kephalin 
the solution becomes heterogeneous, though it is still stable. But while, contrary 
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to Thierfelder & Klenk [1930], watery solutions of kephalin cannot be precipi¬ 
tated by centrifuging (for 25 min. at a rate of 2000-3000 rotations per min.), at 
HC1 concentrations from 0*01 N upwards centrifuging becomes effective. 

In the different HCl-kephalin mixtures determinations of the conductivity, 
rH, and viscosity were made. The results are summarized in Tables I and TI. 


Table I. 

Final concentration of kephalin = 1 %; fa H - activity coefficient of HCI according 
to Scatchard: N — normality of HCI; K -specific conductivity. 


Final con¬ 
centration 

of HCI S cH 

faH 

Bound 11(3 

A';*: A~A' HH 

0 1-38. Hr 8 

_ 

_ 

3-i6.hr* 

00025 0-44.hr* 


— 

5-08.10 * — 

0005 2-53.Hr 1 

0*937 

4-73.hr* 

7-oi. hr 4 5-s3.hr* 

001 2*28.10“* 

0*921 

7-32.hr* 

l-39.hr* 3-2 .hr* 

0-015 .voo.hr* 

0*900 

8-45.hr* 

2-f»o.hr* -2-6t.hr 4 

0-02 HH.hr* 

0*887 

8-60.hr* 

4-r>o.hr* -2-s .hr* 

Kephalin m all samples - 

Tablo 1J. 

= 1 ° 0 ; temperature =30''; t 0 = flowing time of water = 857 see. 5. 

Final con¬ 
centration 

t l - Sowing time in sec. 5 

After 25 min. of 

of HCI S 

At once 

After 24 hours 

centrifuging 

0 

1082 

1041 

Homogeneous 

0*0025 

1045 

1038 


0*005O 

1037 

1040 


0*0075 

1030 

1045 


0*01 

Inconstant 

Over 1220 

Heterogeneous 

0*015 


Cher 3000 


An examination of the results of the ]>otentiometric cH determinations shows 
that kephalin neutralizes a certain amount of acid, and that this amount in¬ 
creases with increasing HOI concentrations to a maximum value; 1 g. of kephalin 
combines with S-6-8-8.10 8 ml. X HC1. According to Jukes [1934] 1 molecule of 
kephalin in non-aqueous solutions combines with 1 molecule of acid. As Levine & 
West [1916] found for brain kephalin a molecular weight of *823-7, the normality 
of a 1 % solution ought to be 0*0124. The lower value found in these experiments 
suggests that not all amino-groups are freely accessible to the acid. This may be 
explained by the formation of colloidal aggregates in aqueous solutions. 

Lecithin does not contain a free amino-acid group, yet with this exception it 
is very similar in structure to kephalin, so that some experiments with HCI were 
made with this substance. 

The lecithin used in these experiments has been made from the same brains 
as were used for the preparation of kephalin. After the latter had been precipi¬ 
tated, the alcohol-ether filtrate was concentrated and precipitated by acetone. 
This manipulation was repeated three times. The resulting preparation gave 
opaque colloidal solutions in water; it was completely soluble in ether, absolute 
alcohol and chloroform at 37° and insoluble in acetone. The preparation con¬ 
tained 2 % nitrogen and 10*5 % phosphorus. It seems therefore that the prepara¬ 
tion contains some nitrogen-free phosphatides such as have been described by 
Chibnall & Channon [1927] in plants. 2% colloidal solutions of lecithin were 
prepared according to the method of Keener [1924]. Conductivity and cH were 
measured in the solution, in the various lecithin and HCI mixtures and in the 
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corresponding HC1 solutions. The differences between calculated and measured 
values were considered as a measure of bound HC1. All measurements were 
duplicated on egg-lecithin solutions (Merck, egg-lecithin extra pure). 

Table III. 

Lecithin concentration in all samples ~ 1 %; I refers to human brain lecithin, 

II refers to egg lecithin. 


Final con¬ 
centration 
of HCl N 


Conductivity 

A 



cH 


f 

Measured 

Calculated 

Difference 

Measured 

Calculated 

Difference 

0 I 

8*81.10“ 5 

— 

— 

2*71.10“ 7 

_ 

— 

II 

1*93.10“ 4 

—- 

— 

1*88.10“ 4 

— 

— 

0 0011II 

3-31.10“ 4 

8*05.10“ 4 

4*74.10“ 4 

9*92.10“ 4 

1*31.10“® 

3*16.10“ 4 

0*003 II 

— 

— 

— 

2*15.10“® 

2*66.10“® 

5*1 .10“ 4 

0*005 I 

1*81.10”* 

2*39.10“® 

5*8 .10“ 4 

3*53.10“® 

3*97.10“® 

5*7 .10-® 

II 

7-63.10“ 4 

2*51.10“® 

1*75.10“® 

3*67.10“® 

4*16.10“® 

4*9 .10“ 4 

0*00751 

2*83.10“* 

3*53.10“® 

7*0 .10“ 4 

5*90.10”® 

6*40.10“® 

5*0 .10“ 4 

II 

244.10-* 

3*71. nr* 

1*27.10“* 

5*90.10~* 

6*33.10“® 

4*3 .10-® 

0*01 I 

3-72.10“* 

4*80.10“* 

1*08.10“® 

7*79.10"® 

843.10--® 

64 ,l(r 4 

11 

3*90.10“* 

4*86.10“* 

9*6 .10“ 4 

8*27.10”® 

8*55.10“® 

2*8 .nr 4 

0*015 1 

5*56.10“® 

6*88.10“* 

1*32.10"® 

116.10~ 2 

1*25.10“ 2 

9*o .nr 4 

II 

6*17.10“* 

7*12.10“® 

9*5 .l(r 4 

— 

— 

— 


The results of Table III show that both samples of lecithin bind HCl, but 
that according to their chemical difference (as indicated by their different cH) 
the binding capacity reaches its maximum value at a different HCl concentration. 
The fact that lecithin in aqueous solutions binds HCl is rather unexpected, since 
according to Jukes [1934] lecithin is an internally neutralized compound and has 
no free amino-group. But systematic investigations of the salt-binding capacity 
of lecithin solutions [Spiegel-Adolf, 1936] have given evidence of the sorptive 
power of lecithin. Furthermore, former experiments on globulins [Spiegel-Adolf, 
1930] have shown that acid binding can be supplemented by acid sorption. 

The behaviour of kephalin and HCl is very similar to the behaviour observed 
with proteins and acid, except that computation, based on the cH and con¬ 
ductivity data, shows that the ionization of the kephalin-HCl complex appears 
to decrease gradually. 

These results seem to suggest the existence of a compound of kephalin and 
HCl in solutions. However, Thierfelder & Klenk [1930] reviewing the results of 
the literature on HCl precipitates of kephalin came to a different conclusion. 
In order to elucidate this question, special experiments wore undertaken. 

1. A solution containing 0*25% kephalin and 0 025 N HCl shows partial 
precipitation. A chloride determination in the filtrate, after destruction of 
kephalin with HN0 3 , shows that it contains only 90% of the original amount 
of chlorine. This suggests that about 0 0025 N HCl has been precipitated with 
a part of the kephalin. 

2. The conductivity was measured in a 0*25 % kephalin solution, in a 0*025 N 
HCl solution, and in a solution containing 0-025 N HCl and 0-25% kephalin. 
The sum of the conductivities of pure kephalin and pure HCl was larger than the 
conductivity observed in the solution containing both substances. This dif¬ 
ference in conductivities was 10 times larger than the conductivity of the pure 
kephalin solution. Calculated in terms of HCl-normality, the apparent loss in 
conductivity corresponded to an amount of 0*0025 N. 
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These results seem to suggest that HC1 combines with kephalin not only in 
solutions but becomes part of the precipitate when precipitation occurs. By 
repeated centrifuging and replacement of the watery acid layer by pure water, 
most of the acid can be eliminated. This is due probably to hydrolysis of the 
lipoid-acid compound. The acid kephalin flocculate, when redissolved in water, 
settled at an acid concentration which primarily did not interfere with stability 
in centrifuging, but neutralization with alkali restored the original behaviour. 
These findings about the formation of kephalin-HC1 compounds are perhaps 
not entirely devoid of biological interest, thus e.g. Peters & Man [1934] claim 
that part of the chloride of the serum is combined with lipoid. 

The results of the viscosity determinations made with an Ostwald viscosi¬ 
meter at a constant temperature of 30° show with increasing concentration of 
HC1 a steady drop in viscosity, which only begins to rise again at a stage pre¬ 
ceding precipitation. The initial drop becomes less distinct if the mixtures stand 
for 24 hours. These observations on the changes of kephalin viscosities upon 
addition of acids are very similar to those reported by Handovsky & Wagner 
[1911] on lecithin under comparable conditions. But the behaviour of kephalin 
is in this respect markedly different from the behaviour observed in proteins, for 
with the latter increasing HC1 concentrations produce at first a rise in viscosity 
and ionization. 

Analogous determinations were made on mixtures of kephalin and NaOH. 
The results are summarized in Tables IV and V. 

Table IV. 

Finn! kephalin concent ration — 1 %; faOH —activity coefficient of NaOH; 


Final con¬ 
centration 
of NaOH X 

/• 5" 

* cor 

X - normality of the: NaOH. 

rOH 

faOH 

rOH 

faOH 

0 

312. nr 

3*88. Hr 7 

— 

— 

00025 

4-24.10 

2 02. Hr* 

— 

— 

0-005 

5-84.10- 

7*50. Hr^ 

0*028 

0*004900 

0-01 

7*40.10“ 

181.10“* 

0*001 

0*0009 

0015 

10-21. Hr 

1*42.10" 5 

0*882 

0*0140 

0*02 

13*00.10" 

7*50.10“* 

0*880 

0*0190 

0*05 

57*00. Hr 

M7.10-* 

o-sio 

0*0356 


Table V. 

The linal concentration of kephalin is 1 %; temperature =30 


/ 0 s. flowing time of water - 857 sec. 5. 

r inal concentration 


of NaOH ;V 

0 

0*005 

0*01 

0*015 

0-02 

At once 

1010 

127U 

1360 

1290 

1218 

After 1 hour 

— 

1050 

1027 

1003 

969 

After 2 hours 

— 

1018 

984 

979 

952 

After 24 horn's 

1010 

963 

944 

937 

922 

Since the reaction 

of NaOH 

with kephalin 

may 

lead to some 

chemical 


changes of the kephalin, attempts were made to ascertain whether the highest 
NaOH concentrations used produce a splitting of kephalin. As a breakdown of 
the kephalin molecule by alkali ought to liberate fatty acids, conductivity 
methods could be used in order to trace an increase in conducting material. 

Samples containing 1 % kephalin and 0*02 N or 0*05 N NaOH W'ere exactly 
neutralized after 24 hours. The conductivities of these solutions were nearly 
identical with the sum of the conductivities of controls containing either pure 
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kephalin or pure alkali. A slight decrease in the conductivities of the mixtures 
was explained by the inactivating effect of kephalin on the salt. A splitting of 
kephalin in the alkali concentrations used in Tables IV and V can therefore be 
disregarded. The optical changes in kephalin on addition of alkali proved to be 
reversible on neutralization. 

An attempt was made to determine the binding capacity of kephalin for 
NaOH. According to the figures in Table IV the NaOH-binding capacity exceeds 
by far the combining power of kephalin for HC1. Apparently in excess of 
alkali a maximum value could also be reached. 

Viscosity measurements of kephalin at varying NaOH concentrations reveal 
a great similarity in behaviour to proteins, especially globulins [Spiegel-Adolf, 
1930]. Here too, with increasing amounts of NaOH, the viscosity increases and 
drops again on further addition of alkali. The maximum viscosity is reached at 
a much lower concentration of alkali than the maximum binding capacity. Yet 
all these changes occur in the first hours after mixing kephalin and alkali. After 
several hours of standing, an increase of alkali has uniformly produced a corre¬ 
sponding decrease of viscosity. 

The fact that kephalin, though combining with acid like a protein, shows no 
increase in viscosity like lecithin may be of some interest to the biologist. The 
non-swelling of nervous substance in acids [Bauer, 1911; Spiegel, 1921] has been 
attributed by Hooker & Fischer [ 1912] to reactions of lecithin prevailing over the 
reactions of proteins. This explanation gains new support from the results on 
kephalin reported here. Thus according to Singer [1926] brain contains more 
kephalin than lecithin. Recent studies of Spiegel & Spiegel-Adolf [1936] have 
shown that in dead and in living brains the polarization indices—a convenient 
measure of the swelling and the permeability of tissues—show a marked decrease 
on addition of alkali, whilst they are unchanged or only minimally lowered in the 
presence of acids. 

Summary. 

1. Purified kephalin from human brains was studied in regard to its reactions 
with HC1 and NaOH. 

2. Measurements of the conductivity and of the cH show that kephalin 
combines with HC1. In the presence of an excess of HOI 1 g. kephalin neutralizes 
8’6-8*8.10~ 3 ml. N HC1. Further increase of HC1 precipitates a compound of 
kephalin and HC1. 

3. The viscosity of kephalin is decreased by additions of HC1 and begins 
only to rise again at a stage preceding flocculation. At this stage only can 
kephalin be precipitated by centrifuging. 

4. Kephalin neutralizes NaOH, the binding capacity increasing with the 
concentration of alkali. 

5. In fresh mixtures of kephalin and NaOH of increasing concentrations, 
the viscosity passes through a maximum. After 24 hours, the samples show only 
a steady decline in viscosity with increasing NaOH concentrations. 

6. Some biological aspects of these findings are discussed. 
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In a previous paper [Wooldridge & Standfast, 1933] it has been shown that the 
oxygen absorption of sewage from aqueous solution saturated with air generally 
depends upon the presence of bacteria, although these bacteria need not 
necessarily be alive provided that certain of their oxidation enzymes are still 
active. Experiments with activated sludge, using the Thunberg-methylene blue 
technique [Wooldridge, 1933], indicated that sewage sludges possessed active 
oxidation-reduction enzymes, which appeared to be of importance in the various 
processes of purification of sewage. In 1932 [Wooldridge & Standfast, 1932] a 
short note summarizing the results of these experiments was published and it was 
tentatively concluded “that the most important factor in sewage purification is 
a series of catalysed oxidation-reduction reactions determined bv bacterial 
enzymes present in either living or dead bacterial cells or liberated by them into 
the fluid of the reaction system \ In the papers of this series, but particularly in 
the present and subsequent ones, evidence in support of this view is given. This 
evidence has been obtained by determining the absorption of oxygen by sewage 
or sludge or both by direct measurement in a Barcroft respirometer under 
different conditions, the basic conditions simulating, on a small scab*, those 
applying to the activated sludge process of sewage purification. 

The effect of sterilization. When sewage is shaken with air in a Barcroft 
respirometer a rapid absorption of oxygen is observed, the extent of this absorp¬ 
tion depending largely upon the so-called “strength ” of the sewage [Wooldridge 
& Standfast, 1936, 1]. If the sewage is previously sterilized either by heating it 
for 30 min. at 120° or by passage through a Seitz bacterial filter no oxygen will be 
absorbed provided that precautions are taken to keep the system sterile through¬ 
out the experiment. Similar results are obtained with activated sludge; thus 
the rapid oxidation of this material is entirely inhibited by previously autoclaving 
the sludge. Further, a sterile mixture of sludge and sewage exhibits no oxygen 
uptake whether the mixture itself is autoclaved or whether the constituents are 
sterilized separately and subsequently mixed. 

This loss of ability of sewage systems to absorb oxygen when they are 
rendered sterile can be demonstrated equally well by treatment with disinfectants. 
For this purpose such oxidizing disinfectants as permanganate, iodine, hydrogen 
peroxide etc. are to be avoided and chemically inert reagents such as ether, 
toluene, chloroform eic. are used. In the experiments recorded in this paper, 
the bulk of the disinfectant, after its period of action on the sewage, was generally 
removed, first by separation of the aqueous and non-aqueous layers and then by 
removal of the remaining disinfectant from the treated sewage by gentle aeration 
at low pressure. Tests for bacterial sterility were carried out on all the treated 
sewages and in these early experiments (c/. Tables VIII and IX) it was invariably 

( 1542 ) 
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Table I. The inability of sterile sewage or sterile sludge to absorb oxygen. 

The sewage (C.S.) used in these experiments was filtered through filter paper and then allowed 
to stand overnight alone or in contact with the disinfectants given below. The autoclaved (C.S. 
120°) and the Seitz-filtered (C.S. sf.) sewage were prepared from the untreated sewage by auto¬ 
claving at 120° for 30 min. or by passage through a Seitz filter respectively. The respirometers 
were shaken at 24°. In each right-hand cup were placed 3 ml. of the sewage mixture and in the 
left-hand cup 3 ml. of water that had been treated similarly to the sewage. Volatile reagents 
were removed as far as possible by evacuation. As usual carbon dioxide was absorbed by potash. 
The figures give the oxygen absorption in pi. at N.T.l\ in 24 hours; the method of sterilization, if 
any, is given at the head of the columns. 

C.S. untreated C.S. 120“ C.S. sf. 10% ether 10% chloroform 1% toluene 

240 2 0-ft 4 4-ft 1-5 

10% phenol 2% formaldehyde Untreated sludge Sludge 120 J C.S. 120° r SI. 120 
4*5 3 610 2 3 

found that when the sewage was sterile no oxygen absorption (within experi¬ 
mental error) took place (Table I). It would appear that little, if any, purely 
chemical oxidation took place with the sewages examined, for destruction of ail 
oxidizable substances by every method of sterilization adopted is unlikely. 

Effect of addition of non-sterile sewage upon oxygen absorption by sterile sewage. 
That the oxidizable material of a sewage has not been destroyed or removed to 
any great extent by the process of sterilization is readily shown by adding a 
small amount of non-sterile sewage to an autoclaved or a Seitz-filtered sewage, 
when a steady uptake of oxygen subsequently develops. The addition of the 
“seeding’’ of non-sterile sewage appears to initiate the process of oxidation, 
probably as the result of the bacteria added in the seeding. Sterilization possibly 
induces some change in the constitution of the original sewage, for the rates of 
absorption of oxygen by seeded sewages, sterilized by different means, sometimes 
differ significantly (Table 11). 

Table II. Reactivation of sterile sewage by the addition of non-sterile sewage. 

Tlu* right-hand cup* of the respirometers contained 1 ml. of the sterile sewage mentioned 
below. All cups contained 1 ml, of the sterile buffer and except for the sterile controls 0*1 ml. of it 
non-sterile crude sewage was placed in the side arms and tipped into the main bulk of the cups 
after preliminary shaking for 1 hour. The contents of each cup were made up to 3 ml. with sterile 
tap-water. Carlton dioxide w r as absorbed in all cups by potash. The figures represent the oxygen 
uptake in pi. at X.T.P. The temperature of the experiments whs 22 . 


Sewage 

Sewage 

seeding 

2 

18 

24 

42 

48 

66 

72 

90 

138 hr. 

0.8. sf. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C.S. sf. 

-4 

17 

21 

29 

59 

67 

81 > 

84 

91 

101 

0.8. 120° 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

C.K. 120° 

-5- 

9*2 

13 

19 

48 

54 

TO 

72 

76 

86 


Oxidation of sterile sewage in the presence of sludge. It is to be expected that 
the rat© of oxidation of sterile sewage upon the addition of a small inoculum of 
crude sewage would be slow, as the amount of bacteria or enzyme thus added is 
small. Sterile sewage, however, may be oxidized rapidly by the addition of 
activated sludge. If equal amounts of washed sludge are placed in the cups of a 
Barcroffc respirometer and a quantity of sterile sewage is added to the sludge in 
one cup then a greater absorption of oxygen takes place in this cup than in the 
other. This difference, which is readily followed manometric&lly, is, in fact, a 
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Table III. Oxidation of sterile, sewage in presence of sludge . 

Jn these experiments all cups except those of the controls contained 1 ml. of sludge, 1 ml. of 
phosphate buffer pH 7*4 and 0*5 ml. of water. Each left-hand cup had 0*5 ml. of water and each 
right-hand cup 0*5 ml. of the sterile sewage, the C.S. sf. and C.S. 120° being placed in the side-arm 
and subsequently tipped into the main cup after preliminary shaking for 20 min. The sterile 
control respirometers had 1 ml. of water in their cups in place of the sludge. C.S. sf., C.S. 120° and 
SI. 120° = Seitz,filtered sewage, autoclaved sewage and autoclaved sludge respectively. Carbon 
dioxide was absorbed by potash. The figures represent the oxygen absorbed in pi. at N.T.V. by the 
sewage in the presence of sludge. 


Sewage added 

Presence 
of sludge 
(in both 





5 hr. 

(right-hand cup) 

cups) 

1 

2 

3 

4 

0-5 ml. non-stcrile C.S. 


50 

90 

114 

122 

123 

0-5 ml. C.S. sf. 

+ 

49 

83 

105 

113 

119 

(>•5 ml. C.S. 120“ 

+ 

53 

07 

75 

77 

79 

O f* ml. C.S. sf. 

0 

0 

0 

0 

0 

0 

0-5 ml. C.S. 120 r 

0 

0 

0 

0 

0 

0 

0*5 ml. sludge J 20 

4 

19 

36 

54 

72 

92 

0*5 ml. sludge 120 

O 

0 

0 

0 

0 

0 

0*5 ml. sludge 120 
- 0-5 C.S. sf. 

0 

0 

0 

0 

0 

0 


measure of the rate of oxidation of the “sterile ’’ sewage in the presence of the 
sludge. The results given in Table IJI show this oxidizing activity of sludge to¬ 
wards sterile sewage. Autoclaved sludge does not absorb oxygen but, like sterile 
sewage, it still contains constituents which can be readily oxidized by enzymically 
active sludge. A mixture of autoclaved sludge with a Seitz-filtered sewage shows 
no oxygen absorption (Table III). From the experiments described above it 
appears that the greater proportion, if not the whole, of the oxygen-absorbing 
power of sewage and sludge depends upon the presence of living material or of 
agents, e.g. enzymes present in the sewage or sludge, that are equally easily 
destroyed. 

Organisms as a source of enzymes in sewage oxidations. Activated sludge must 
be considered as a living system comprising many forms of life, the chief of 
which are normally bacteria and protozoa. As the oxidation of sewage probably 
depends upon the presence of living organisms or their enzymes, the ability of a 
number of bacterial suspensions (some prepared from organisms isolated from 
sewage, others from laboratory stocks) to oxidize sterile sewage has been 
examined (Table IV). Most bacteria, when present in large numbers, in pure or 
mixed populations effect oxidation of sterile sewage to some extent. Some 
bacteria, e.g. laboratory strains of Staph, aureus and Strep, faecalis , brought 
about very little oxidation of the sewage. The results of Table IV are not strictly 
comparable, as neither the sewages nor the density of the bacterial suspensions 
were standardized, although the bacterial suspensions usually contained approxi¬ 
mately 5 x 10* cells per ml. The most active organisms were Bad. alkaligenes, 
Proteus vulgaris, Pseudomonas pyocyanea and Ps. fluorescent ; Bad. coli appeared 
to be less active. These bacterial suspensions were similarly able to bring about 
the oxidation of autoclaved sludge. The question of the importance of protozoa in 
sewage oxidations is frequently discussed and opinions are divided as to whether 
they are useful or deleterious in processes of sewage purification. Certain proto¬ 
zoa, absolutely free from bacteria, have been examined to see whether they are 
able to effect oxidation of sewage. For this purpose Miss Robertson of the 
lister Institute kindly supplied two strains of bacteria-free protozoa, viz . 
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Table IV. Oxidation of sterile, sewige or sludge, 
by bacteria or protozoa. 

The sewages lined in the experiments below were not identical throughout and therefore the 
rate of oxidation in the presence of any one organism cannot l>c compared strictly with that 
obtained by other organisms; large differences are probably significant as the suspensions were of 
approximately the same strength as determined by turbidity standards (=-"> v 10° standard of 
Hart . coli). The organisms used consisted of pure cultures either isolated from sewage or 
obtained from laboratory cultures, except when otherwise stated. The bacteria were grown on 
nutrient agar for 24 hours at 22 or 117% were washed off with sterile ijuarter-strength Ringer 
solution, washed twice and resusjiended in this Ringer solution. The protozoa were grown in 
sjiecial bacteria-free media and were kept free from these organisms. These suspensions weie 
used much thicker than those of bacteria. Sludge 120 , C.S. 120', and C.S. sf. signify respectively 
autoclaved sludge, autoclaved sewage and sewage after passage through a Seitz bacterial filter. 
All eups of the Rarcroft respirometers contained 0*5 ml. of sterile phosphate buffer, pH 7*4, and 
1 ml. of the organism used except in the control experiments 24, 25 and 26 (no organism) and 
experiments 21 ami 22 (only 0*5 ml. so that 1 ml. of mixed organism could be used in experiment 23). 
1 *5 ml. of sterile sewage or autoclaved sludge suspension were added to the right-hand cups and the 
total volumes were made up m both cups to 3 ml. with sterile water. C<) 2 was absorbed by KOH. 
The protozoal cups were examined for bacterial sterility at the end of the experiments and none 
showed evidence of bacterial contamination. The figures represent the oxygen absorption in pi. 


Organism; present in 
both cups 

Sewage prepara¬ 
tion in right 
cup 

1 

-> 

3 

4 

5 hr 

Bacteria from sewagi. 

1. Mixed bacteria grown 

C.S. 129 

32 

57 

73 

84 

93 

direct from sewage 

2. Organism No. 1 

(\S. sf. 

23 

35 

45 

49 

55 

3. Oiganism No. 2 

C.S. sf. 

32 

53 

69 

76 

80 

4. Organism No. 9 

C.S. Nf. 

21 

34 

44 

52 

59 

5. Organism No. 14 

C.S. sf. 

49 

87 

108 

112 

114 

6. Organism No. 16 

< \S. sf. 

24 

33 

39 

43 

49 

Bacteria from othei sources. 

7. Pseudomonas pyocyanea 

Sludge 120' 

155 

267 

333 

417 

- - 

8, Ps. pyocyanea 

C.S. 120' 

83 

116 

145 

169 

— 

9. Px. fluorescent 

Sludge 120 

35 

80 

119 

— 

178 

10. Ps. fluoresce ns 

C.S, 120 ’ 

23 

57 

105 


189 

11. Ps. fluoresce ns 

C.S. sf. 

15 

45 

87 


170 

12. (’hr. prtxiigHh'tum 

C.S. 120 

21 

42 

58 

68 

— 

13. Hurt, roll 

C.S. 120" 

16 

28 

39 

49 

— 

14. Hart, aerogenes 

C.S. sf. 

28 

52 

80 

103 

127 

15. Proteus vulgaris 

C.S. sf. 

54 

91$ 

137 

— 

215 

16. Staph, aureus 

C.S. sf. 

1*5 

2*1 

3 

3*6 

4 

17. Bart, alkaligenes 

C.S. sf. 

60 

112 

161 

20 

257 

18. Strep, faecal is 

C.N. sf. 

6*5 

13 

19 

20 

Protozoa (bacteria free). 

19. Polytoma uvella 

C.S. sf. 

35 

49 

58 

69 

— 

20. JCvglena gracilis 

C.S. sf. 

11*5 

24 

38 

51 

— 

Bacteria + Protozoa. 

21. Ps. fiuorescens 

C.S. sf. 

56*6 

95 

91 

123 

104 

- 

204 

22. Polytoma 

C.S. «f. 

714 

— 

122 

23. Ps. fiuorescens + Polytoma 

C.S. sf. 

119 

165 

209 

— 

257 

Controls (typical). 

24. — 

Sludge 120° 

0 

0 

0 

0 

0 

25, 

C.S. 120° 

0 

0 

0 

0 

0 

26. 

C.S. sf. 

0 

0 

0 

0 

0 
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Polytoma uveUa and Euglena gracilis , which could be cultivated in the absence of 
bacteria. Suspensions of washed protozoa in quarter strength Ringer solution 
were prepared and their ability to promote oxidation of sterile sewage was 
examined in the Barcroft apparatus. Although the rate of oxidation of sterile 
sewage by bacteria-free protozoa appears to be comparatively poor, it neverthe¬ 
less is definite but less than that of most of the bacteria examined. Table IV 
contains the results obtained with the most active preparations used; the 
turbidity of these suspensions was considerably greater than that of the bacterial 
suspensions examined. (Protozoal suspensions usually had a turbidity equivalent 
to that of suspensions of Bact. coli containing 20-50 x 10 9 organisms per ml.) 
The ability of Polytoma to cause oxidation of sterile sewage, although feeble, can 
be shown by the anaerobic methylene blue technique \v. Wooldridge, 1933]. 
Thus a suspension of Polytotna that took 46 min. to reduce 1 ml. of a 1/5000 
solution of methylene blue at pH 7-4 was able to effect the same reduction in 
25 min. in the presence of 2 ml. of a Seitz-filtered sewage: the methylene blue was 
not reduced by the sterile sewage alone. 

Table V. A comparison of the rates at which various organisms cause oxidation 

of sterile sewage. 

In these experiments the Barcroft rcspirometer had equal quantities of organism m the cups; 
sterile sewage was added to the right cup only. The volume of the liquid was made up to 3 ml. 
with 0-5 ml. sterile butter, pH 7-4, and sterile tap-water. The thickest suspensions of both the 
sludge and the organisms were in Ilinger solution and were of such a strength that on drying on a 
boiling water-bath and in a hot air-oven at 98°, the dry weight obtained on cooling in a desiccator 
was 0-02 g. per ml. suspension. The figures represent the uptake of oxygen in pi. at N.T.P. by the 
sewage. C0 2 was absorbed by KOH. 



Dry wt. 
per ml. 








Organism suspension 

mg. 

1 

2 

3 

4 

6 

9 

22 hr. 

Sludge 

20 

80 

116 

141 

156 


— 


2 

30 

60 

95 

113 

--- 

- 

~ 


0-2 

9 

20 

29 

38 

— 

.... 

— 

Ps. fiuorescens 

20 

82 

93 

100 

106 

— 

—. 

_ 


2 

20 

61 

78 

82 

— 

- 

-- 


0-2 

10 

20 

35 

41 

— 


_ 


0*02 

7 

10 

12 

14 

18 

2 »> 

172 

Bact. coli 

20 

20 

29 

33 

37 

_ 

— 

— 


2 

11 

19 

26 

33 

— 


_ 


0-2 

0 

10 

17 

22 

— 

— 

— 


002 

5*5 

9 

H 

11 5 

12-5 

14 

78 

Chr . prodigiosum 

20 

29 

39 

45 

49 


— 

— 


2 

14 

27 

39 

45 

— 

— 

— 


0*2 

2 

5 

9 

13 

— 

— 

— 

Staphylococcus 

20 

3 

4 

5 

6 

— 

— 

— 


2 

2 

3 

3 

4 

— 

— 

— 


0*2 

0 

0 

0 

0 

— 

— 

— 

Polytotna uvtlla 

20 

14 

19 

20 

21 

_ 


_ 


2 

3 

4 

5 

7 

— 

— 

— 


A direct comparison of the oxidative powers of a few of these organisms to¬ 
wards the same sterile sewage was made by using suspensions containing equal 
amounts of the various cells as measured by the dry weight of the suspensions 
(Table V). The activity of sludge was most nearly approached by that of 
Pseudomonas fiuorescens : Bact. coli and Chromobacterium prodigiosum were less 
active and a laboratory strain of a staphylococcus showed very little oxidizing 
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activity. Polytoma showed an oxidizing power somewhat greater than that of 
the staphylococcus, but less than that of Bad. coli. The weakest suspensions of 
Bad. coli and Pseudomonas fluorescens show little difference in the first 4 hours 
but after that, probably because of a greater ability of the latter organism to 
proliferate in the sewage, the difference between their oxidizing powers becomes 
greater. Previous results, obtained with the test for biochemical oxygen demand 
in 5 days, have tended to exaggerate somewhat these differences between 
different organisms, for no oxygen was absorbed from solution when Bad . coli 
was added to the sterile sewage to an extent of 0 02 mg. per ml. whilst the 
corresponding addition of Ps. fluorescens caused the oxygen to be almost 
completely removed (> Ifi precipitate 10 5 ). This difference was no doubt due to 
the fact that Ps. fluorescens grew well during the experimental period of 5 days, 
thereby producing a large amount of active enzymes, whilst Bad . coli died off* 
without causing absorption of a measurable quantity of oxvgen \v . Wooldridge & 
Standfast, 1933]. 

Butterfield el al. [1931], working with a dilute peptone-sugar medium in 
place of a sewage, brought forward evidence to show that protozoa, e.g. Colpidivm, 
by keeping down the numbers of bacteria stimulate the bacteria to further 
growth and thus increase the rate of absorption of oxygen so that the value 
obtained for the mixture of bacteria and protozoa is greater than that of the 
sum of the two acting separately. The effect of mixing pure suspensions of 
Ps. fluorescens and Polytoma uvella has been examined with the Barcroft 
apparatus but no increased oxidation of the sewage as a result of the presence of 
the protozoa with the bacteria at least during the few hours of this experiment 
(Table IV, exps. 21, 22 and 23) was found. It is nevertheless possible that the 
mixed population would prove to be more active when it had settled down into 
equilibrium. 

Addition of urethane to oxidizing seuxige and sludge. The previous experiments 
appear to indicate that sewage or sludge is not oxidized by air in the absence of 
living organisms, especially bacteria. Many bacteria [Quastel & Whetham, 
1925; Quastel & Wooldridge, 1925] possess enzymes, such as dehydrogenases, 
that will effect the oxidation of a variety of substances under suitable aerobic or 
even anaerobic conditions. Wooldridge [1933] has shown that sewage sludges 
possess some of these enzymes and that sewage usually contains constituents in 
solution that are able to act as substrates for these enzymes. The results given 
in Tables VI and VII testify that, as with oxidations by bacterial dehydrogena¬ 
tions, sewage oxidations as observed in the Barcroft apparatus are entirely 
inhibited by the presence of 5% urethane. 

Addition of cyanide, to oxidizing sewage and sludge . Wooldridge [1933] showed 
that activated sludge possesses indophcnol oxidase besides various dehydro¬ 
genases and suggested that both types of enzyme were important in sewage 
oxidations. If this is so then, as the activity of indophenol oxidase is completely 
inhibited by Mj 1000 KCN, this concentration of cyanide should arrest the 
absorption of oxygen by sewage. Experiment [Table VII] indicates that the 
uptake of oxygen by crude sewage or by sludge is greatly inhibited by this and 
greater concentrations of cyanide, particularly for the first few hours. Gradually, 
however, the inhibiting effect appears to wear off, probably as a result of 
changes which the cyanide itself undergoes. The inhibiting effect of cyanide can 
be shown quite readily by placing solid KCN in the side-arm of the Barcroft cup, 
when apparently sufficient HCN diffuses over into the fluid to inhibit the 
oxidation. It is perhaps surprising that the effect is so soon demonstrable, for it is 
apparent as soon as the manometers are closed. In this way a continuous supply 
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Table VI. The effects of cyanide and of urethane upon the oxidation of 

crude sewage. 

The right cup of the Bancroft respirometer contained 2 ml. crude sewage, 0-5 ml. phosphate 
buffer pVL 7-4 and 0-5 ml. of water or of the inhibitor, the strength of which was such that its 
final concentration was as stated below. The cyanide solutions were previously neutralized with 
HC1 to pH 7*4. The contents of the left cup were the same except that the sewage was replaced 


by water. The solid KCN was placed in the side-arm of the cups and was not in direct contact 
with the fluid at all. KOH papers were present to absorb C0 2 . The figures represent the absorption 


of oxygen in pi. at N.T.P. Viable counts were done on the contents of the cup of the crude sewage 
and the solid KCN experiments at the end of the experiment. 

Viable 

count 


3 hr. 

5 hr. 

7 hr. 

11 hr. 

21 hr. 

27 hr. 

bacteria 

Crude sewage alone 

C.N. + solid KCN in side-arm 

130 

235 

291 

366 

451 

545 

15 x 10« 

36 

36 

37 

38 

41 

42 

0-9 x 10“ 

C.S. + J//200 KCN 

10 

12 

14 

18 

125 

310 

-- 

C.N. + if/500 KCN 

15 

15 

21 

26 

175 

321 

— 

C.N. 4 if/1000 KCN 

15 

21 

25 

56 

345 

410 

- 

C.S. + Jf/10,000 KCN 

60 

165 

274 

350 

440 

520 


C.S. + 5% Urethane 

— 

— 

3 


5 

5 

— 


Table VII. The effects of cyanide and of urethane on the oxidation of activated 

sludge. 


1 ml. of a suspension of washed sludge was placed in each right-hand cup of the respirometers. 
0-5 ml. of buffer, pH 7*4, was put into each cup and the contents were made up to 7 ml. with the 
addition of water or inhibitor solution so that the strength of the latter was as stated in the table. 
The solid KCN was placed in the side-arms out of contact with the fluid. The figures give the 
oxygen uptake in pi. at N.T.P. CX) 2 was absorbed as usual by KOH. Final bacterial counts were 
made on the suspensions of sludge in the control and solid KCN experiments, and both gave figures 
of approximately 1 million per ml. Experimental temperature, 21''. 


Sludge alone 

Sludge + solid KCN in side-arm 
Sludge 4 - ilf/10 KCN 
Sludge -f-J//100 KCN 
Sludge + J//1000 KCN 
Sludge 4- if/10,000 KCN 
Sludge + 5 % urethane 


1 hr. 

2 hr. 

3 hr. 

5 hr. , 

7 hr. 

21 hr. 

Viable 

count 

bacteria 

33 

52 

70 

103 

136 

338 

3 a J0« 

6 

13 

18 

26 

33 

70 

3 x 10« 

7 

H 

12 

17 

20 

— 


11 

18 

26 

38 

45 

— 

— 

15 

29 

38 

6* 

86 

— 

- 

22 

32 

52 

79 

103 

— 


— 

— 

— 

— 

1-3 

3 



of cyanide is available and the inhibiting effect continues for long periods. In 
order to discover .whether this inhibition is due to sterilization of the medium, 
bacterial counts were made at the end of the experiments on the crude sewage, 
and on the sewage and sludge mixture with solid KCN in the side-arms. It was 
found that although the number of viable bacteria was reduced in the case of 
sewage and cyanide to about a sixteenth of those present when the cyanide was 
absent yet there were still approximately a million viable organisms per ml. 
whilst with sludge the fall in numbers seemed inappreciable. The viable count on 
the sludge mixture must be accepted with reserve as any change in the number 
of viable organisms actually enmeshed in, or adsorbed on, the sludge would not 
be determined. In both experiments, however, the number of viable organisms 
present at the end was sufficient to make it appear unlikely that the effect of the 
cyanide is solely or even largely a bactericidal one. 

Bacterial viability and oxygen uptake of sewage and sludge. It has previously 
been reported [Wooldridge & Standfast, 1933] that sterile sewage, incubated 
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under the conditions of the test for biochemical oxygen demand, will not absorb 
dissolved oxygen but that it will do so if heavily inoculated with a suspension of 
Ps. fluoresceins previously treated with formalin so that many of the bacterial 
oxidizing enzymes remain active although the organism has lost the power of 
proliferation. Attempts to extend this work to a demonstration of oxygen 
absorption in the Bareroft apparatus have been only partially successful. The 
results given in Table VIII illustrate that formaldehyde-sterilized bacteria are 
capable of inducing the oxidation of sterile sewage; the oxygen uptake is small, 
viz. about 20 /xl. per ml. of sewage in 5 hours, but significantly different from the 
controls. Sterilization of the sewage by other disinfectants always resulted in 

Table VIII. The oxidation of sterile sewage by formaldehyde-treated bacterial 

suspensions. 

The suspensions used had an opacity =10 * 10 7 cells of Bact. coli per ml. The suspension was 
treated overnight at room temperature with the concentration of formaldehyde given below. AU 
right-hand cups contained 1 ml. of autoclaved sewage anti 1 ml. of phosphate buffer (sterile) was 
placed in all eujis. 1 ml. of the treated bacterial suspension was added to each cup of the respiro¬ 
meter as given lielow. Other experimental details as in previous tables. Each experiment was 
made in quadruplicate and the mean results are given below. The replicates differed little one from 
another. The sterility of the mixtures in the cups was tested at the beginning and end of the 
c\|K*runent. 



HCHO 


() 2 absorbed at X 

,T.1\ in hours 

Viable bacteria 

(h’ganism 

conen. 

o 

o 

1 


3 

4 o' 

Begin¬ 

ning 

End 

/V fluorescent 

036 

9*3 

14 

17-4 

20*4 22*2 

0 

0 

•9 

015 

10* 1 

14*3 

18*6 

23 1 26-3 

0 

0 


005 

17-1 

26*1 

33*3 

34*2 34*8 

+ 

T 

None 

0 

6 

7 

7*5 

S 8 

0 

0 

Mixed sewage 

M 

u 

13 

14*7 

16*1 16*9 

0 

0 


0*8 

11-4 

16 

18 

201 212 

0 

0 


0*55 

11-4 

15*8 

18*2 

20-5 21 3 

0 

T 

None 

0 

3 

3*8 

4-8 

5 5 

0 

0 


Table* IX. Oxygen absorption by sewage sterilized by irradiation with 

ultraviolet light. 

The sewage was sterilized by irradiation with ultraviolet- light for 75 min. at a distance of 
4 in. The irradiation was given in three periods of 25 min. with 10 min. intervals. The temperature 
of the sewage, which was gently stirred during irradiation, did not rise above 42 . The right-hand 
cups of the respirometers contained 3 ml. of the sewage mentioned below and the left-hand cups 
contained 3 ml. of tap-water. Of ) 2 was absorbed by KOH. All cups were sterilized at the beginning 
of the experiment, and 0-5 ml. of the contents of the right-hand cups was added to 5 ml. ot broth 
at the end of the experiment in order to test for viable organisms. The results given are the mean 
of the readings of 5 replicate respirometers. 

ml. oxygen absorbed in Growth on inuuu- 


Sewage 

3 hours 

lation into broth 

Crude 

37*6 (s.e. = 1*25; 

+ + + 

Irradiated with ultraviolet light 

27-5 (s.e. =2*08) 

0 

Autoclaved 

0*5 (s.E. -~"3*48) 

0 


destruotion of the ability to absorb oxygen. Irradiation with ultraviolet light 
sterilizes and ultimately destroys the power of sewage to oxidize in the presence 
of air, but if the irradiation be carefully controlled the sewage may be rendered 
sterile while still able to absorb oxygen. It is clear from the results given in 
Table IX, where each experiment was made in quintuplet, that the sterile 
Biochem. 1936 xxx 100 
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Irradiated sewage absorbed oxygen almost as rapidly as did the crude sewage. 
Cook & Stephenson [1928] showed that bacteria killed by irradiation with ultra¬ 
violet light may retain the activity of oxidizing enzymes when they are able to 
absorb oxygen in the presence of suitable substrates, and so the uptake of oxygen 
by irradiated sewage is probably due to the fact that although the bacteria have 
been killed all their oxidizing enzymes have not been destroyed. 

Identical suspensions of bacteria were irradiated with ultraviolet light for 
variable periods of time in order to obtain suspensions with the same total 
number of cells but with different numbers of viable organisms. The abilities of 
these treated suspensions to induce oxidation of sterile sewage were determined 
by the Barcroft apparatus, and the results compared with the viable counts 
obtained by examining the contents of the cups at the beginning and at the end 
of the experiments, the counts being made by the agar roll tube method [Wilson, 
1922]. The results are given in Table X. The number of viable organisms did 

Table X. Bacterial viability and sewage oxidations . 

The suspension of washed Pn.Jiuorpscens used had a turbidity equivalent to that of a Bad. colt 
suspension of 30 x 10® cells per ml. 5 nd. volumes of this suspension wort* exposed to irradiation by 
ultra-violet light in quartz bulbs 4 in. away from the lamp for the times mentioned below. The 
temperature of the bulbs was kept low by submitting them continuously to a current of cold air. 
0-5 ml. of the bacterial suspension, when used, was placed in each cup of the manometer, and 
2 ml. of the Seitz-filtered sewage were placed in all right-hand cups. 0-5 ml. sterile buffer, pH 7-4, 
was in all cups. C0 2 was absorbed by KOH. All experiments were made in quadruplicate and 
checked by the method recommended by Corbet and Wooldridge [1936]. 


Exposure 
to U.V.L. 

V.C. in 

cup 


Oxygen uptake in p.1. after 


min. 

( " ' '■* 

Original 

Pinal 

30 min. 60 min. 

90 min. 

120 ruin 

0 

5635 x10* 

3760 x10* 

41 

63 

73 

86 

5 

1250 x10* 

340 x10“ 

44 

70 

82 

87 

10 

125 x10* 

47 x 10“ 

29 

64 

72 

77 

15 

20 x 10* 

7 x 10* 

7 

31 

59 

80 

0 

0 (kSterile sewage 
only) 

0 

3*5 

4 

4*6 

5 


not increase, but, in fact, decreased somewhat during the course of the experi¬ 
ment, and hence bacterial proliferation is an unlikely explanation of the results 
obtained. The viable organisms in the initial counts varied from 5635 x 10® 
down to 20 x 10 6 per ml. yet at the end of 2 hours the oxygen absorption was the 
same; even the initial rate of oxidation shows no direct correspondence with the 
viable count as is seen from the fact that the oxygen uptake in 30 min. with 
5635 x 10® organisms was only 6 times that with 20 x 10 6 organisms although the 
ratio of the viable organisms present was 282 to 1. This experiment clearly 
indicates that the oxidation of sterile sewage can be induced by bacterial cells 
that are not regarded as being alive by ordinary standards of proliferation. 

Discussion. 

No attempt has been made, in this series of papers, to study the clarification 
stage of the activated sludge process of sewage disposal but much work has been 
carried out upon the second stage of oxidation. In effect this process is a complex 
of oxidations of the numerous constituents found in sewages, and practically the 
whole of these oxidations would seem to depend upon biological factors. Sterile 
sewage and sterile sludge generally undergo no oxidation but when micro-organ¬ 
isms such as certain bacteria or protozoa are added the oxidation will take place. 
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Different organisms are not necessarily equally effective and no doubt the 
activity of any particular organism wil] depend upon the nature of the sewage, 
i.e. whether it contains substances which can act as substrates for the particular 
enzymes available, and also upon the condition of the oxidative enzymes of the 
organism. Wooldridge et al. [1936] have shown that the activity of these bacterial 
enzymes may vary considerably with varying conditions. The protozoa examined 
exhibit less activity than that of the bacteria, but even if the protozoa, under the 
conditions of the activated sludge process, were more active than appears from 
these experiments, their activity, in comparison with that of the very much 
more numerous bacteria usually present, must in practice be of secondary 
importance. The results have not demonstrated increased activity resulting 
from mixing protozoa and bacteria together but it may be that these experi¬ 
ments, which were only allowed to proceed for 5 hours, were too short to show 
the effects reported by Butterfield et al. [1931]. 

It has been shown previously [Wooldridge, 1933; Wooldridge & Standfast, 
1932 and 1933] that sewage and sludge possess such enzymes of oxidation as 
indophcnol oxidase and dehydrogenases, and it was suggested that these enzymes 
are mainly bacterial in origin. Previously Keilin [1929] indicated an important 
co-ordinating mechanism by which many cells possessing both these systems can 
utilize molecular oxygon in their cellular oxidations. The co-ordinating mechanism 
is an “oxygen carrier” and is a substance, e.g. cytochrome, which can exist in 
both an oxidized and a reduced form, the two being readily interconvertible. 
Molecular oxygen is activated by the indophenol oxidase and the activated 
oxygen reacts with the reduced form of the carrier. The resulting oxidized form 
of the carrier diffuses away from the oxidase and may reach a dehydrogenase, 
where it will react with the activated substrate of the dehydrogenase, reverting 
again to the reduced form of the carrier. In this way the molecular oxygen is 
used indirectly to oxidize tin* substrate of the dehydrogenase. The view that this 
or a similar mechanism operates in sewage oxidations is supported by the 
experiments which show that either cyanide or urethane inhibit these oxidations, 
for cyanide inhibits the oxidase but not the dehydrogenases while the urethane 
inhibits dehydrogenases but not indophenol oxidase. 

The view that enzymes, as distinct from the whole living organism, are 
responsible for many of these oxidations is supported by these inhibition 
experiments, and also by the experiments with formaldehyde-treated organisms, 
with crude sewage carefully sterilized by irradiation with ultraviolet light, and 
with bacterial suspensions irradiated with ultraviolet light which show that the 
oxidation depends more upon the presence of active enzymes than upon the 
number of viable organisms present. Although these experiments clearly indicate 
that bacterial enzymes, not associated with living organisms, can be effective in 
causing oxidation of sewage and sludge the enzymes of living and especially of 
actively proliferating organisms will also be active and, mass for mass, are likely 
to be more active than those present in dead cells. With the activated sludge 
process however the amount of enzymically active material associated with the 
preponderating numbers of dead cells making up the bulk of the sludge is 
probably very great and hence the oxidizing activity of this material is likely to 
be of considerable importance in the oxidations effected by activated sludge. 


1(H)—2 
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Summary and conclusions. 

1. The work described in this paper supports the view previously put 
forward that the most important factor in biological oxidations of sewage is a 
series of catalysed oxidation-reduction reactions determined by bacterial 
enzymes present in either living or dead bacterial cells or liberated by them into 
the fluid of the reacting system. 

2. Crude sewage, sterilized by filtering through a Seitz bacterial filter, by 
heat or by various “disinfectants”, does not usually absorb oxygen when 
shaken in a Barcroft microrespirometer (cf. 5 and 6 below). Autoclaved sludge 
does not absorb oxygen, even on vigorous aeration. 

3. Addition of a seeding of crude sewage, a suspension of washed sludge, a 
suspension of washed bacterial cells (of several species) or a suspension of 
bacteria-free protozoal cells induces the oxidation of sterile sewage or sterile 
sludge. Some species of bacteria effect the oxidation of sterile sewage rapidly but 
with others the rate is comparatively slow'. Two species of protozoa have been 
examined and these are less active than most bacteria. A mixed suspension of 
Ps. fluorescent and Polytoma uvella caused no more rapid oxidation of the 
sterile sewage than the sum of the rates obtained when the bacterium and the 
protozoon were allowed to act separately. 

4. Urethane (5 %) inhibits oxidation of sewage and sludge. Cyanide (3/ 200 to 
Af/10,000 KCN, neutralized, or the vapour from solid KCN) inhibits the uptake 
of oxygen by crude sewage and by sludge but the inhibition is not complete and 
usually lessens with time, presumably due to the alteration of the cyanide. 

5. Bacteria carefully treated with formaldehyde, although unable to pro¬ 
liferate on the usual nutrient media, are nevertheless capable of inducing a 
definite though slow oxidation of sterile sewage. 

6. Sewage sterilized by irradiation with ultraviolet light will still absorb 
oxygen on shaking with air provided the irradiation is not too severe. 

7. Several originally identical suspensions of Ps. fluorescent, irradiated with 
ultraviolet light for different periods of time so that the number of viable cells 
differed considerably from suspension to suspension, oxidized sterile sewage at 
rates largely independent of the proportion of viable ceils present. 

8. Oxidation of the constituents of sewage and of sludge depends generally 
upon the presence of certain oxidative enzymes (dehydrogenases and oxidases) 
of micro-organisms. These enzymes may be effective whether the organisms are 
alive or dead, provided that the method of killing has not destroyed the enzymes. 
Although protozoa possess enzymes that can oxidize the constituents of sewage, 
it is concluded that the greater proportion of the oxidation is brought about by 
bacterial enzymes, the bacteria being both far more numerous and generally 
much more active. 

9. Oxidations of sewage depend mainly on the presence of bacterial enzymes, 
which themselves may be associated with either living or dead cells. No direct 
comparison has been made between the enzymic activities of living and dead cells 
but it is probable that the activity of the living proliferating cell for certain 
oxidations is greater than that of the dead cell. The dead cell is important in 
oxidations by activated sludge as the sludge is likely to contain a large proportion 
of dead bacterial cells many of which are probably enzymically active. 

This investigation was carried out as part of the programme of research of the 
Water Pollution Board of the Department of Scientific and Industrial Researoh. 
Thanks are due to the Borough Engineer of Finchley for the regular supply of 
the samples of sewage used in this work. 



ENZYMES AND SEWAGE OXIDATIONS 


1553 


REFERENCES. 


Butterfield, Purdy & Theriault (1931). / ndustr. Kngng ('hem. 23, 213. 
(>>nk & Stephenson (1928). Biochem. J. 22, 1368. 

Corbet & Wooldridge (1936). Biochem. J . 30, 132. 

Keilin (1929). Pror. rot/. Soc. B 104, 210. 

Quastcl & Whotham (1925). Biochem. J. 19, 520, 645. 

-& Wooldridge (1925). Biochem. J. 19, 652. 

Wilson (1922). ./. Boot. 7, 405. 

Wooldridge (1933). Biochem. J. 27, 193. 

-Knox & Glass (1936). Biochem. J. 30, 926. 

-& Standfast (1932). Nature , 130, 664. 

--(1933). Biochem. 27, 183. 

— (1936). Biochem. J. 30,141. 




CCXVIII. A COLORIMETRIC METHOD FOR THE 
DETERMINATION OF CHOLINE AND ACETYL¬ 
CHOLINE IN SMALL AMOUNTS. 


By FLORENCE JANE ROSS BEATTIE. 

From the “ J. C . White ” Department of Biochemistry , Queen's University 

of Belfast . 

(Received 2 July 1936.) 

While the presence of small amounts of choline and acetylcholine can easily be 
detected by biological methods, their quantitative micro-chemical estimation 
presents considerable difficulty. The only method hitherto described for the 
micro-chemical estimation of choline appears to be that of Roman [1930], a 
modification of the macro-method of Stanek [1906 ] depending on the precipita¬ 
tion of choline as choline periodide. By this method quantities of choline from 
0*001 to 5 mg. can be estimated, but its application is limited since creatinine, 
adenine and other nitrogenous bases are also precipitated. Furthermore, the 
method is complicated by the fact that the physical conditions of the experiment 
require very careful control. In the present paper a simple colorimetric method 
for the estimation of choline and acetylcholine is described. 

The principle of the method is the same as that used by Kapfhammer and 
BischofF [1930] for the isolation of choline and acetylcholine from tissues. It 
depends on the fact that choline and acetylcholine form reineckates which 
are insoluble in ice-cold water and in absolute alcohol but are easily soluble in 
acetone giving a bright red solution. In the method of Kapfhammer and BischofF 
acetone was used on account of its selective solvent action on the reineckate, for 
the further purification of the precipitate after washing with ice-cold water and 
absolute alcohol. The acetone was then evaporated and after several extractions 
with ether the insoluble residue was dried and weighed. 

In the present method the reineckate is dissolved in acetone, and by com¬ 
paring the colour of this acetone solution with that of a standard acetone solution 
of choline or acetylcholine reineckate, the amount of choline or acetylcholine 
combined as reineckate can be determined. The depth of the red colour depends 
on the amount of the reineckate radicle present. The colours are the same in 
equimolecular acetone solutions of choline and acetylcholine reineckates, since 
1 mol. of each base combines with 1 mol. of reineckate. 

By this method quantities as small as 0*2 mg. of choline chloride and 0*32 mg. 
of acetylcholine bromide can be determined. 

The solutions used were: Method. 

1. Choline chloride solutions containing 0*2-2 mg. choline chloride per ml. 

2. Acetylcholine bromide solutions containing 0*3-3 mg. acetylcholine 
bromide per ml. 

1 ml. of the solution is taken and to it 1 ml. of a freshly prepared saturated 
solution of ammonium reineckate (B.D.H.) is added. A precipitate of choline 
reineckate or acetylcholine reineckate separates out. These two reineckates differ 
in appearance and solubility. The choline reineckate has a glistening appearance; 
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its precipitation is complete in less than 10 min. and it can be quantitatively 
precipitated at temperatures up to 60°. The acetylcholine reineckate separates 
more slowly as a dull pink powder and for complete precipitation requires a 
much lower temperature (about 5°). To ensure that the precipitation is complete 
the container should be surrounded by ice for 20 min. A means of avoiding the 
greater difficulty in estimating the acetylcholine is to estimate the choline set 
free by alkaline hydrolysis. This hydrolysis can be effected in a few min. at room 
temperature by addition of NaOH to 1% concentration, the solution being 
neutralized before precipitation. After precipitation is complete the solution 
is filtered by suction through a small asbestos-packed crucible and the precipi¬ 
tate on the asbestos is washed once with 2 ml. of iee-eold water and twice with 
2 ml. of absolute alcohol, or until the alcohol is no longer pink. The receiving 
fiask is emptied and a test-tube is placed inside the flask to receive the acetone 
solution. Before applying suction 1 ml. of acetone is poured on the precipitate, 
which rapidly dissolves. The acetone solution is sucked into the receiving tube 
and successive? small amounts of acetone are added until all the precipitate is 
dissolved and washed through. The tube is removed from the filtering flask and 
the contents are transferred to a graduated tube or small measuring cylinder 
which can be rear! to 0*05 ml. The receiving tube is rinsed with acetone and the 
washings added to the graduated tube. The volume of the acetone solution is 
carefully noted and the colour is compared with that of a standard solution 
containing 0-7S mg. of choline reineckate jrt ml of acetone or with a methyl red 
solution of the same colour, the preparation of which as a standard is described, 
later. Tin* standard corresponds to 0*2(3 mg. choline* chloride or to 042 mg. 
acetylcholine bromide per ml. When the total amount of choline is small (0*2- 
0*3 mg.) the* total volume of the* acetone should not be more than 1-2 ml. in order 
to have a colour comparable with that of the standard. The comparison of the* 
colour in such a small volume can In* carried out in a micro-colorimeter. When on 
the other hand the* total amount of choline is large* (2-3 mg.), dilutions up to 
10 ml. are required to obtain a colour comparable with the standard. For 
colorimetric comparison* daylight was found to be more suitable than artificial 
light. 

('alculation. With the standard set at 20 mm. and the unknown giving a 
reading of x, then x 0-20 (for choline) x volume of the unknown solution —mg. 
of choline chloride in amount of solution taken. 

Preparation of standard solution. 

A sample of choline reineckate was prepared according to the method of 
Kapfhammer and Bischoff, the only difference being the use of ammonium 
reineckate instead of reinecke acid for the precipitation. The total N of the dried 
choline reineckate determined by Kjeldahl's method was 22-8° 0 (calc. 23*2%). 

78 mg. of this salt were dissolved in 100 ml. of acetone. This solution was 
unsuitable as a permanent standard owing to evaporation of the acetone and 
fading of the colour. An artificial standard was therefore prepared by dissolving 
0*0134 g. of methyl ml in 5 ml. of N /5 NaOH and diluting to 500 ml. with 
distilled water; for us© 4 ml. of this stock solution were transferred to a flask, 
10 ml. of N /100 H 2 S0 4 were added and the volume made up to 100 ml. A pink 
solution was obtained of the same colour as the 0*078% acetone solution of 
choline reineckate, corresponding to 0-2(3 mg. choline chloride per ml. or 0*42 mg. 
acetylcholine bromide per ml. The dilute standard remained unchanged for some 
days and the stock solution indefinitely. Several different samples of methyl 
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red were used in the preparation of standard solutions and the colours obtained 
in each case were the same. 

Examples of the results obtained by this method for the choline estimation in 
choline chloride solutions are given in Table I, col. 2. The values are compared 
with those obtained by Roman’s method [1930], col. 3, and with those calculated 
as choline chloride from the total N, col. 1. 

Table I. 

mg. choline chloride per ml. 


1 

2 

3 

Calculated from 

Colorimetric 

Roman’s 

total N 

estimation 

method 

2*35 

2*35 

— 

1*56 

1*52 

-- 

0*90 

0*92 

0*93 

0*88 

0*87 

-- 

0-76 

0*70 

— 

0*72 

0*71 

0*71 

0*70 

0*67 

-- 

0*62 

0*62 


0*54 

0*54 

0*59 

0*46 

0*48 


0*35 

038 

— 

0*31 

0*32 

- 


Table II gives the results obtained by the estimation of acetylcholine 
precipitated at 5° as acetylcholine reineckatc from acetylcholine bromide 
solutions. 

Table II. 


mg. acetylcholine bromide per ml. 


Calculated from 
total N 


Colorimetric 

estimation 


1-90 

1-26 

0-99 

0-49 

0-40 


1-87 

1-28 

0-96 

0-43 

0-38 


Effect of temperature . 

The comparative solubilities of choline and acetylcholine reineckates at 
different temperatures (5-60°) are shown by the following experiments. 

1 ml. of acetylcholine bromide solution was precipitated with ammonium 
reineckate at room temperature (16°) before and after alkaline hydrolysis in 
1 % NaOH and the acetylcholine chloride values of the two solutions were com¬ 
pared with that obtained when 1 ml. of acetylcholine bromide solution was 
precipitated at 5°. The results are given in Table III. 

Table III. Effect of temperature on the estimation of acetylcholine bromide . 

Acetylcholine bromide, mg. per ml 

Temperature (Before alkaline (After alkaline 

C. hydrolysis) hydrolysis) 

6 1*28 
0*97 


16 

39 

60 


Nil 


1*26 

1-26 

1-17 
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Using a choline chloride solution containing 1*35 mg. per ml. the choline 
reineckate precipitation was not affected by increasing the temperature up to 
60°. 

These values, typical of many, show that with a solution of acetylcholine 
reineckate low valuos are obtained if the temperature is allowed to rise, whilst 
the yield of choline reineckate is not diminished at any temperature up to (HP. 
By hydrolysing the acetylcholine to choline before precipitation temperature 
effects can be minimized and accurate determinations carried out at room tem¬ 
perature. It was noticed that acetylcholine when in the presence of choline 
chloride can also be quantitatively precipitated at room temperature. 


Effect of dilution on precijritafion of choline. 

A series of estimations was made in solutions containing from 0-3 to 0-03 mg. 
choline chloride per ml. To each solution 1 ml. of saturated ammonium 
reineckate was added and the precipitate in each case was dissolved in 2 ml. of 
acetone. The full value was obtained at all these dilutions. The temperature was 
kept low (5°) during the procedure since the extreme range of the method was 
being tested. At greater dilutions than the above the choline values fell. It thus 
appears that a quantitative precipitation of free choline can be obtained in 
solutions containing as little as 0-03 mg. choline ehloride per ml. Since the final 
precipitate must contain about 0-2-0-3 mg. choline ehloride in order to be com¬ 
parable with the standard. 7-10 ml. of such a solution must he taken for the 
precipitation. 1 ml. of saturated ammonium reineckate solution is sufficient for 
the precipitation of quantities of choline up to 3 mg. choline chloride. 


Effect of dilution on precipitation of acetylcholine. 

An acetylcholine bromide solution corresponding to the final dilution of 
choline chloride at whieh a quantitative precipitation was found possible was 
treated in the same way but at a lower temperature (1-2°). The precipitation 
was earned out before and after alkaline hydrolysis. The results are given in 
Table IV. 

Table IV. 


lOml. solution containing 0*48mg. 
acetylcholine bromide 

Before hydrolysis 
After hydrolysis 


mg. acetylcholine 
bromide found 
0*28 
0*50 


At this dilution the acetylcholine cannot he quantitatively precipitated even 
at low temperatures. This demonstrates the advantage of hydrolysis of the 
acetylcholine to choline before precipitation. 

The results obtained by this method show that quantities of choline chloride 
from 0-2 mg. upwards can be determined with an error of ± 3 %. Precipitation 
may be carried out at room temperature unless the solution is ver} r dilute (con¬ 
taining 0-03-0 05 mg. per ml.), in which case a lower temperature (5°) is 
necessary for quantitative precipitation. For the estimation of acetylcholine it is 
advisable to hydrolyse to choline before precipitation since the precipitation of 
choline reineckate is less influenced by temperature than that of acetylcholine 
reineckate. In the same way after suitable hydrolysis the amount of choline in 
other choline compounds can be determined. As an example of this the results 
obtained on acid hydrolysis of a lecithin emulsion are given in Table V. The 
emulsion examined had total N 0-046 mg. per ml. It was hydrolysed in 7*8% 
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HC1 at 110° and after different intervals the amount of free choline was deter¬ 
mined. The results are expressed in terms of choline-N. These show the rate of 
liberation of choline and the percentage of the total N which can be accounted 
for by choline. 

Table V. Lecithin emulsion hydrolysed in 7-8°j 0 HGl at 110 °. 


Time in 

mg. eholine-N 

hours 

per ml. 

0 

_ 

4 

0-012 

9 

0-022 

21 

0-036 


The emulsion used was made from a commercial egg lecithin preparation 
(Griffin & Tatlock). The maximum value of free choline was obtained after 
21 hours’ hydrolysis, at which time the choline-N amounted to 78% of the 
total N in agreement with Maclean and Maclean [1927]. 

The results given so far have dealt with the estimation of choline and its 
compounds in pure solution. To see how far the choline estimation may be inter¬ 
fered with by the presence of other substances such as occur in animal tissues and 
fluids, known amounts of choline chloride were added to extracts of different 
organs (rabbit’s liver and kidney), to a tryptic digest and to urine, and the 
choline value was determined before and after addition. The results are given in 
Table VI. The kidney and liver extracts were prepared by extracting 1 vol. of 
liver or kidney with 3 vol. of 5% trichloroacetic acid, and subsequently filtering 
and neutralizing. The tryptic digest was acidified, boiled, cooled and filtered 
before precipitation. 

Table VI. 

rag. choline chloride per ml. 



1 

o 

3 

4 


Originally present 

Amount added 

Total found 

Recovered 

Kidney extract 

0-13 

0-69 

0-85 

0-72 

liver extract 

0-18 

0-77 

0-94 

0-76 

Tryptic digest 

Nil 

1-50 

1-56 

ir>6 

Urine 

Nil 

1-50 

1-56 

1-56 

From these rt 

-suits it is seen that added choline can l>o recovered from crude 


extracts without appreciable loss. It follows that the method is applicable to 
the study of the liberation of choline from choline compounds in tissue extracts 
by chemical or enzymic hydrolysis. The original choline value of the reineckate 
precipitate from such an extract represents both choline and acetylcholine. 
Strack et al . [1935] have recently pointed out that the value obtained by 
Bischoff et al . [1932] for the acetylcholine content of skeletal muscle is 
probably a carnitine value, since this base also forms a reineckate with 
properties similar to those of acetylcholine reineckate. In order to find whether 
carnitine would also be estimated in the present method, a preparation of 
carnitine was made from a meat extract according to a method described by 
Strack et al. [1936]. The gold salt was prepared, the gold removed, and a reineck¬ 
ate precipitated which was found to be insoluble in water and alcohol, and 
soluble in acetone giving a pink colour. Carnitine therefore, if present, will also 
be estimated with choline in this method as in that of Bischoff and Kapfhammer. 
Since its amount in ordinary tissue extracts is small, no error will ari$e from this 
source m the study of the breakdown of choline compounds. 
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Summary. 

A micro-colorimetric method for the determination of small amounts of 
choline is described. Quantities of the order of 0*3 mg. choline in a concentration 
of 0*003% can be estimated with an error of not more than 3%. 
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CCXIX. STUDIES ON THE PARTITION 
OF SERUM CALCIUM. 

By JOHN DUCKWORTH and WILLIAM GODDEN. 

From The Roweti Research Institute , Aberdeen . 

(Received 20 July 1936,) 

In a previous communication [Godden & Duckworth, 1935] we recorded certain 
data as to the partition of serum-Ca at or about the time of calving in the 
case of normal cows and of cows suffering from milk fever. Apart from these 
results no record appears to exist in the literature of systematic studies on the 
serum-Ca partition of individual animals throughout a reasonable period of their 
life span. 

Since Benjamin & Hess [1933, 1] and Benjamin [1933] first presented their 
barium sulphate adsorption method of serum-Ca fractionation several writers 
have expressed views contrary to those of these two workers. We wish therefore 
to give the results which we have obtained as part of an investigation on the 
effect of certain food constituents on the growth and health of Bheep, together 
with some physico-chemical studies of these data, in the hope that these new 
results may help to elucidate the problem. 

Experimental. 

Six half-bred wether lambs were divided into two groups. Nos. 25 and 26 
constituted the control group and Nos. 21, 22, 23 and 24 the starch-fed group. 
The animals were kept indoors throughout the experiment in concrete pens 
bedded with sawdust. Both groups received the same basal ration consisting of 
turnips 3 lb., linseed cake meal 6 oz., chopped straw 8 oz., these amounts being 
just sufficient, when fed daily, to maintain the control group in practically steady 
body-weight. The stareh-fed group received, in addition to this basal ration, a 
gradually increasing amount of maize starch, which was adjusted in amount to 
the appetite of the group. For the control group the daily intake of Ca was 
1*84 g. and of P 1*92 g. For the starch-fed group, owing to a trace of P in the 
starch, the intake of P was slightly higher reaching a maximum of 2-04 g. Thus 
the respective Ca:P ratios were 1: 1*04 and l: 1*11, a negligible difference. The 
vitamin D content of the diet was low, no cod-liver oil being added. 

The experiment lasted approximately 6 months, the animals being weighed 
individually at fortnightly intervals. Blood samples were drawn at approxi¬ 
mately three-weekly intervals. The blood was drawn from the jugular vein, 
employing partial stasis and the following determinations were made: 

(1) Total serum-Ca. The method of Clark & Collip [1925]. 

(2) Serum-Ca partition. The method of Benjamin & Hess [1933,1, 2]. The 
membranes were prepared by the method previously described by one of us 
[Duckworth, 1935]. 

(3) Serum inorganic P. The method of Bodansky [1932-33]. 

(4) Serum protein. Kjeldahl method. 
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Table I. Strum analyses , including Ca partition. All results 
expressed in mg. per 100 ml. 

Dates of* sampling 

Sheep ,--—'-- 


no. 

14. xii. 34 

23.1.35 12 

. ti. 35 

25.ii. 35 13.iii.35 1 
Total Da. 

. iv. 35 15. iv. 35 

23. iv. 35 18.V.35 

4. vi. 3 

21 

9*3 

8*2 

6-2 

6*0 

5*5 

6*0 

6*0 

6*5 

7*5 

7*3 

22 

9-5 

8*8 

7-6 

6*6 

5*7 

7-2 

7-1 

6*5 

7*4 

7*3 

23 

9*6 

8*7 

8*0 

5*8 

6-7 

7*1 

5*6 

5*4 

7*6 

7*0 

24 

9-7 

8*9 

9*1 

8*0 

7*3 

8*4 

7*7 

7*8 

8*0 

7-6 

25* 

8-7 

9*9 

8*8 

9*2 

9*4 

10*6 

10 1 

10-1 

10*4 

10*6 

26* 

10-6 

10*8 

10-2 

10*0 

10*6 

Ca-H*. 

11*1 

10*3 

111 

11-0 

103 

21 

1*4 

0*9 

0-6 

0 5 

0*6 

0*6 

0*6 

0*8 

1*1 

0*7 

22 

1-4 

1*2 

0*9 

1*0 

U-fl 

0-8 

M 

0*7 

12 

11 

23 

1-7 

1*1 

M 

0*5 

O-S 

U-fl 

0*5 

05 

1*1 

0*8 

24 

1*5 

1*2 

1*0 

1*0 

0*7 

1*0 

0*8 

M 

1*5 

M 

25* 

1-3 

1-5 

1*0 

1*2 

1*2 

— 

1*2 

1-2 

1-fl 

1*1 

26* 

2-1 

2*1 

1-6 

1*8 1*8 2*1 
Ultrafiltrable Ca complex. 

1*3 

2*1 

2*4 

1 3 

21 

3*4 

4 2 

3*0 

3*0 

25 

1*7 

2*5 

3*0 

33 

3*6 

22 

3-9 

45 

32 

2*8 

2*2 

2*4 

3*0 

2*2 

3*2 

2*7 

23 

3 5 

4*1 

3*6 

3*0 

2*6 

2*6 

2*7 

26 

3*5 

3*4 

24 

3-4 

4*4 

4-4 

4-1 

33 

32 

3-5 

3*1 

3*2 

3-3 

25* 

3 3 

4*4 

4*2 

44 

3 9 

_ 

4*7 

4*6 

46 

4*7 

26* 

3-9 

5*0 

4*5 

4*8 4*5 4-8 

Non-ultra tiltrable Ca oomplej 

51 

4*5 

42 

4*9 

21 

1-6 

1-2 

1*3 

1*3 

1*5 

2*2 

1*9 

1*3 

1*5 

0*3 

22 

14 

Hi 

M 

1-5 

1-9 

2*5 

1*2 

2*3 

M 

0*9 

23 

19 

1 -5 

1*0 

1*3 

2*1 

25 

1*5 

1*7 

13 

0-2 

24 

2-4 

14 

1*3 

1*3 

2*2 

2*4 

2*0 

2*4 

1*4 

1*4 

25* 

1*0 

19 

1*6 

19 

2 5 

— 

23 

26 

19 

2*0 

26* 

20 

H) 

1*6 

1-7 2-5 21 

I’rotein-bound Ca. 

2-0 

2*0 

1-8 

2 1 

21 

29 

19 

13 

12 

0*9 

1*5 

1*0 

1*2 

1*6 

2*3 

22 

2-8 

2-1 

2 4 

1*3 

1*0 

1*5 

1*8 

1-3 

1*9 

2*6 

23 

2-5 

2*0 

23 

1*0 

1*2 

1*4 

09 

0*6 

1-7 

2*6 

24 

24 

19 

2*4 

16 

M 

1*8 

1-4 

1*2 

1*9 

1 8 

25* 

2-9 

2*1 

2*0 

1*7 

1*8 

_ 

1*9 

1*7 

2*3 

2-8 

26* 

2-6 

27 

2 5 

1*7 1*8 2*1 

Serum inorganic P. 

1*9 

2 5 

2*6 

2*0 

21 

6-48 

674 

8*(K) 

8-24 

6*80 

9*24 

6*06 

7*84 

6*56 

7*84 

22 

6*31 

5 28 

464 

546 

5*74 

5*08 

3 32 

5*38 

4*30 

3-42 

23 

4-59 

0*06 

4*74 

9-24 

5*88 

6*6 4 

7*10 

10*60 

5*64 

4*38 

24 

6-48 

6-68 

7*36 

7*36 

8*68 

5*96 

6-78 

7*32 

3*54 

4*76 

25* 

5*81 

7*04 

7-16 

7*62 

7*36 

6*16 

4*66 

8-56 

7*22 

7*70 

26* 

5*52 

5*34 

5*72 

6*40 6*16 5*06 

Serum protein. 

4-86 

5*02 

3*92 

4*96 

21 

— 

— 

509 

4*94 

5*67 

5*69 

5-85 

3*64 

— 

— 

22 

— 

— 

5*85 

548 

554 

5*86 

5*87 

6-06 

— 

— 

23 

— 


5*85 

5*50 

5-40 

5*78 

5*96 

5*38 

— 


24 

— 

— 

5*38 

5*09 

5*37 

5-09 

5*56 

6*06 


— 

25* 

— 

— 

4*79 

5*27 

5*19 

5*95 

5*62 

5*31 



26* 

“ 


5*29 

6-34 3-39 5-73 

jpK Ca proteinate. 

5*56 

5*62 


— 

21 

— 

— 

209 

2*10 

2*06 

2*41f 

2*13 

2*03 

_ 

_ 

22 


— 

2*11 

2-06 

2*21 

2*28 

2*04 

2*27 

~ , 


23 

— 

— 

2*04 

2*01 

2*21 

2*27 

2*02 

2*25 


_ 

24 

— 

— 

2*07 

1*99 

2-15 

2*18 

2*11 

2*10 


_ 

25* 

— 

— 

213 

2*05 

2*18 

_ 

207 

2-11 

_ 

_ 

26* 

— 

— 

207 

1*95 

2*07 

1*90 

2*00 

2*06 

— 

— 

* Denotes control animals 


f Figure probably erroneous and not included in calculations. 
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For the sake of brevity the following abbreviations for the four serum Ca fractions 
are used throughout this paper. 

Ca ff -Caion. 

U.Ca.O. = ultrafiltrable Ca complex. 

N.U.Ga.C. — non-ultrafiltrable Ca complex. 

P.B.Ca. = Protein-bound Ca. 

The analytical results for all the samples art' shown in Table L 

It is of considerable interest that the animals tolerated Nuch reduced Ca +,+ 
levels with no apparent symptoms of heart disorder. Stewart & Pereival [1928J 
have claimed that Ca in complex form is capable of furnishing Ca^+ at the surface 
of the heart cell. Further reference to the data of this experiment will be made 
in the discussion. 

Results . 

It is not proposed, in this paper, to discuss the clinical observations or the 
practical significance of these data in relation to animal nutrition. It should be 
noted, however, that at the conclusion of the experiment, the “knock-kneed” 
condition, generally supposed to be rickets, had developed in sheep Nos. 21, 22 
and 23, while No. 24 appeared to be normal. At the sampling on 4. vi. 35 this 
condition had become severe. It is remarkable that it was only when both 
complexes showed simultaneous low values that severe leg-weakness occurred. 
Of the starch-fed group only No. 24 appeared normal and in this case the 
N.U.Ca.C. was only slightly depressed. 

Effect of depression of the Ca tr upon serum-Ca partition. 

(In vivo and in vitro experiments.) 

(a) In vivo depression of the 6Y/++. In this experiment five successive intra- 
jugular injections of 100 ml. each of a warm 20% solution of sodium citrate 
(Na 3 C 6 H 5 0 7 , 2 H 2 0 ) were given to a normal, mature Ayrshire cow. The injections 
were made subject to changes in the condition of the animal rather than on a 
regular time interval basis. The blood samples were drawn from the jugular vein 
on the opposite side to that in which the injections were made. All analyses were 
made on serum. 

Analytical methods. 

(1) Total serum Ca and Ca partition as in the sheep experiment. 

(2) Serum Mg. On the supernatant fluid from the serum Ca estimation, by 
precipitation as MgNH 4 P0 4 and colorimetric estimation by the method of Fiske 
& Subbarow [1926]. 

(3) Inorganic Pi Method of Fiske and Subbarow. 

Table II. Injection of sodium citrate into the jugular vein of 
a normal cow. 

Values in mg. per 100 ml. of serum. 

Time of Time of 


Sample 

no. 

sampling 

a.m. 

injection 

a.m. 

Inorg. 

P 

Mg 

Total 

Ca 

Ca++* LT.Ca.C. N.U.Ca.C. 

P.B.Ca. 

1 

1001 

1003 

10*11 

5*13 

3*00 

11*5 

2-3 

4*0 

0*6 

4*6 

2 

1006 

5-00 

3*00 

11-4 

3-0 

4*0 

0*6 

3*8 

3 

1016 

10*20 

3-24 

3-16 

12*0 

4*7 

3*1 

1*0 

32 

4 

10-25 

10-29 

4-91 

2-94 

11*2 

4-5 

3*6 

0*5 

2*6 

5 

10-35 

10-40 

4*91 

2-83 

11*2 

4*5 

3*3 

0*5 

2*9 

6 

10*44 

5*59 

2-63 

10-4 

4-5 

3-3 

0*5 

2-1 


* Ihider Ca *•+ is also included the Ca bound as citrate. 
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Results. 

Immediately following each injection there was a response followed b} r a 
recovery period. With each successive injection the magnitude of the response 
increased and the animal became unconscious after the fifth injection. 

The final effect of repeated citrate? injections was a slight depression of the 
total serum Ca. The apparent rise and final high values of Ca ++ are fictitious. Ca 
citrate is not adsorbed by Ba»S0 4 and therefore, under the system of analysis, 
appears in the Ca 1 * fraction. The values for Ca M really represent mixtures of 
Ca 4 " 1 ' and Ca citrate. There* appears to be little doubt that the concentration of 
Ca+ + was gradually decreasing if the increase in severity of the clinical symptoms 
can be taken as indicative. Further, the gradual and almost regular fall in 
P.B.Ca., ending in a final value? of less than half the pro-experimental level, 
shows clearly the? mobilization of P.B.Ca. in an endeavour to remedy the CV + 
deficit caused by the binding action of the citrate ions. 

The two complexes do not show corresponding mobilizations. In fact it might 
appear that mobilization from the N.U.Ca.C. did not occur. In this connection it 
should be noted, however, that the animal was showing, at the pre-injection 
sampling, a lower value for this fraction than we have ever found for a normal 
animal of any species. On the other hand, the U.Oa.C. did show evidence of 
some slight mobilization, there being a final drop of about 15%. From our 
observations we would say that, whilst some of the clinical symptoms of this 
animal were similar to those occurring in milk fever, the complete picture did not 
parallel what we have noted in such cases. We have previously pointed out [1935] 
that, in cases of true milk fever, there are simultaneous low levels for both ad- 
Horbablc and non-adsorbable Ca. In this experiment there was a definite fall in 
the non-adsorbable Ca (i.e. Ca* * + P.B.Ca.) but the adsorbable Ca (i.e. U.Ca.C. -f 
N.U.Ca.C.) showed relatively little change (maximum fall 18%) and the final 
values were markedly above those which we cited for eases of milk fever. 

The other values do not call for particular comment. 

( b) In vitro depression of the Ca ” + in serum. 30 ml. aliquots of a bulk serum 
were added rapidly with shaking to increasing amounts of sodium citrate 
(Naj,C 6 H 5 0 7 ,2H 2 0) dissolved in 1 ml. of water and left overnight. The Ca frac¬ 
tionation was performed the next morning. The results of one of a series of such 
experiments an? shown in Table III. 

Table III. 


All results in nig. per 100 ml. 


Sample 

no. 

Na citrate 
in mg. per 
100 ml. of 
serum 

Total 

Ca 

LV * 

l\Ca.C. 

N.C.Cn.C. 

P.B.Ca. 

1 

0 

10-8 

2-4 

4-3 

0-7 

34 

2 

47 

J0-8 

3-4 

4-0 

0-8 

20 

3 

93 

10-8 

4-2 

40 

00 

20 

4 

143 

10-8 

5-2 

3-6 

0-6 

1-4 

5 

190 

10-8 

5-9 

3-2 

0-6 

M 

6 

240 

10-8 

6*6 

2-9 

0-5 

0-8 

7 

287 

10-8 

7-3 

2-9 

0-2 

0-4 


The progressive increase in the Ca f+ values does not indicate a real increase 
in Ca + + because, as before mentioned, the method employed includes Ca citrate 
with Ca* +; in presence of citrate ion true Ca+ + would undoubtedly be diminished. 
The steady mobilization of P.B.Ca. is obvious and this fraction has practically 
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disappeared with the highest citrate concentration. Of greatest interest is the 
slow mobilization of the Ca in complex form, both complexes gradually liberating 
Ca++ but not to such an extent as the P.B.Ca. 

Stewart & Percival [1928] studied the effect of sodium citrate on the diffusi- 
bility of serum Ca in relation to the time of coagulation, but do not state clearly 
which hydrated salt they used. Our results confirm theirs in that we found, with 
increasing concentrations of citrate, that the serum Ca gradually becomes more 
and more diffusible. They further report that the time required for blood to clot, 
when gradually increasing amounts of citrate were added, decreased at first and 
then increased until no coagulation occurred. The failure to coagulate preceded 
somewhat the rendering of the Ca almost completely diffusible and this they 
interpreted as evidence of a non-diffusiblo Ca complex essential for the normal 
coagulation of blood and evidence further that the Ca ++ had no effect on the 
process of blood clotting. We suggest that a more probable explanation is that the 
P.B.Ca., which acts as a circulatory reserve of readily available Ca^ •, had been 
completely mobilized and was therefore incapable of liberating more ions to 
remedy the deficit caused by citration. It may be noted that these authors found 
that inhibition of coagulation occurred when the citrate concentration, calculated 
on the serum, was between 250 and 330 mg. per 100 ml., a result which, assuming 
that they used the dihydrate, coincides with our value, 287 mg., for almost 
complete mobilization of P.B.Ca. 


Discussion. 

Theories as to the physico-chemical state of Ca in body fluids may be divided 
into two groups: (a) that all the Ca not combined with protein is ionic, (6) that 
the Ca not combined with protein is partly in non-ionic forms. Our results lead 
us to support the second alternative. 

Maclean & Hastings [1934, 1, 2; 1935, 1, 2] and Maclean et ah [1934] have 
published comprehensive studies on Ca partition. They believe that the amplitude 
of the contraction of the ventricle of an isolated frog heart preparation is pro¬ 
portional to the Ca ++ concentration of the perfusing fluid. They maintain that 
practically all the serum Ca not in combination with serum proteins is ionic. They 
then calculate the constant, K, from the mass law equation for the dissociation 
of Ca proteinate, assuming that the protein molecule behaves as though it were 
composed of a series of negatively charged divalent ions, i.e. 

[CV^j [Protein" ] _ g 
[Ca proteinate] 

The concentrations are in mols. 

We have tested the validity of this expression as applied to our own results. 
We assumed, as did Maclean & Hastings, that grams of protein can be converted 
into milliequivalents by the factor for serum proteins, 0*243, found by Van Slyke 
et al. [1928]. In converting milliequivalents into millimols we have accepted their 
hypothesis that serum proteins act as divalent anions towards Ca. We have 
combined the values for Ca ++ and U.Ca.C. as if all the ultrafiltrabie Ca were 
ionic, and combined the N.U.Ca.C. and P.B.Ca. as non-ultrafiltrable Ca. 

Our expression then becomes 

l U.Ca.] [Protein'*] __ „ 

[N.U.Ca.] ’ 

The [Protein"] was obtained by difference between [Total protein] and [N.U.Ca.]. 
The results, expressed as the negative logarithms (pK), are given hi Table I. 
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Statistically considered we find that pK~ 2-10 with an s.d.= ±0*08. Our 
actual figures show a pK range of 1*95 to 2*28 and hence a K range of 0*01131 to 
0*00533 Taking only the s.d. the corresponding ranges are pK 2*02-2*18 and 
K 0*00966-(MX)664. Maclean & Hastings give a mean pK of 2*22 ± s.d. 0*07, 
neither figure being far removed from ours. These values would give a K range 
of 0*00708-0*00513, while their complete K range would be correspondingly 
greater. We feel that dissociation constants with such ranges as are shown in 
both these sets of figures are of doubtful value and that the presence of such 
variability is, in itself, evidence of other influencing factors, which are not 
considered in the expression. We do not deny, but rather affirm, that an equi¬ 
librium between ultrafiltrable Ca and at least a part of the non-ultrafiltrable Ca 
does exist but we would add that the phosphate and bicarbonate ions play a role 
in this equilibrium. 

Maclean & Hastings have constructed a nomogram which gives the Ca'" 1 ’ 
concentration of serum from the serum proteins and total serum Ca. Andersch & 
Oberst [1936] found that, in the case of the new-born child the ultrafiltrable Ca 
values as determined were about 20% lower than the Ca f ♦* values for the serum 
(as determined by the nomogram). The agreement was closer for the serum of 
non-pregnant, pregnant and parturient women. Further, Benjamin & Hess 
[1933, 2] have recorded figures in the case of hyperealeaemia of egg-laying in 
fowls from which the pK, w hen calculated, shows a value of 3*04 with a corre¬ 
sponding value for K of 0*00091. 

The values found for the Ca M concentration of serum by Brinkman and van 
Dam [1920] using the solubility product method, by Neuhausen and Marshall 
11922] using tin* flowing Ca electrode, and by the BaS0 4 adsorption method are 
in general agreement. The value obtained is, in all cases of the order of 2 mg. per 
100 ml. Further, our own studies on Ca partition in pathological cases, the results 
of which will Ik* published elsewhere, show r a correlation between the clinical 
symptoms and the Ca partition data, which we find impossible to regard as 
fortuitous. Consequently we conclude that the four fractions of ("a found by the 
RaS0 4 adsorption and ultrafiltration methods represent real entities. 

Summary. 

1. The results of studies in the Ca partition of sheep on experimental rations 
are recorded along with some results of physico-chemical investigations of the 
blood of cattle following both in vitro and in vivo addition of sodium citrate. 

2. The results are considered as demonstrating that the so-called dissociation 
constant of Maclean and co-workers for Ca proteinate in serum is too variable 
to be regarded as an aid to the study of Ca partition. 

3. It is concluded that the four Ca fractions found in serum by the barium 
sulphate method of adsorption coupled with ultrafiltration are real entities. 


Bioehem. 1936 xxx 
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IV. THE CALCIUM, MAGNESIUM AND PHOSPHORUS 
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OF CALCIFICATION. 
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(Received 20 JuJy 1036.) 

Because of the significance usually attached to the determination of ash, Caand 
Ca P ratio in bones and teeth in relation to diet and disease, it is important to 
give due consideration to the interrelationship of the Ca and Mg contents and 
the ash values. Orent et al. [1934] have studied the question of Mg deficiency 
in rats and shown how the Mg content of the bones varies with age in control 
animals and in animals on diets deficient in Mg. These differences in Mg content 
caused related inverse changes in Ca content and resulting changes in ash 
content (l g. Mg= 1*048g. ("a). 

Having determined the Ca/P ratio in numerous samples of human teeth, 
where the* values fell 1 between 1*92 (lowest dentine) and 2*153 (highest enamel), it 
was surprising to find values as low as 1-7 and 1*8 in rats’ incisor teeth, although 
rats’ and rabbits’ bones gave the expected ratios of 2*13 to 2*15, confirming the 
generally accepted values. This led to the investigation of the amount of Mg 
present in dental tissues from various sources and to the correlation of the results 
with the Ca and P contents. 

Many of the usual phosphate precipitation methods for Mg determination 
were tried but finally rejected in favour of the hydroxyquinoline method of 
Greenberg & Mackey [1932]. This method adapted to determinations in solutions 
of dental material proved very satisfactory with an error of about ±0*5%. 
Table 1 gives the results of Ca, Mg and P determinations on the ash of various 
dental tissues. The Ca/P ratios were calculated. The Mg values were converted into 
their equivalent amounts of Ca, which values w r ere then added to the corres¬ 
ponding actual Ca contents to give “Total Ca”. Using these total Ca values, 
“Corrected Ca/P” ratios were calculated. 

It was decided to compare the values of the rodents* whole teeth with the 
dentine of horse, dog and human, rather than with the enamel. The differences 
in composition between dentine and enamel have been dealt with in a previous 
publication [Bowes & Murray, 1935]. Enamel has on an average 0*4% Mg. 

In the consideration of the results, certain points relating to the theories of 
calcification, which have been dealt with fully by Robison 11932], have been 
borne in mind. The generally accepted view is that calcification takes place in 
calcifying tissues from solutions rendered saturated or supersaturated when the 
product (Ca ++ xP0 4 s ) exceeds the solubility product. The material deposited, 
“the bone salt”, is an insoluble phosphate of the apatite series 3Ca s (P0 4 ) 2 .CaX 2 . 

( 1507 ) 101—2 
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Table I. 


Material 

* Ca 

% in ash 

Mg 

P 

Ca/P 

Mg 

expressed 
as Ca 

“Total” 

Ca 

Ca/P 

“Cor¬ 

rected*' 

Rabbit incisors 

35 02 

2*467 

19*88 

1*761 

4*061 

39*08 

1*965 

Rabbit molars 

35*76 

1*45 

20*15 

1*775 

2*39 

38*15 

1*893 

Hare incisors 

3533 

2*304 

20*16 

1*753 

3*797 

39*13 

1*941 

Hare molars 

36*41 

1*788 

19-25 

1*891 

2*947 

39*36 

2*045 

Guinea-pig incisors 
Guinea-pig molars 

35*80 

1*745 

19*56 

1*831 

2*876 

38*68 

1*978 

35*01 

1*932 

20*04 

1*748 

3-185 

38*20 

1 903 

Rat 12 weeks incisors 

36*20 

2*243 

19*68 

1*840 

3*697 

39*90 

2*027 

Rat 15 weeks incisors 

3482 

2*363 

19*62 

1*774 

3*895 

38*72 

1*973 

Rat 1 year ditto 

38*85 

1*741 

20*01 

1*917 

2*869 

41*72 

2*085 

Horse dentine 

37*12 

1*855 

19*23 

1*931 

3*058 

40*18 

2*101 

Dog dentine 

37*61 

1*545 

19*27 

1*952 

2*547 

40*16 

2*095 

Elephant dentine (tusk) 

32*91 

4*055 

19*64 

1*675 

6*681 

39*60 

2*016 

Human dentine* sound. 

39*83 

1*175 

19*04 

2*091 

1*936 

41*77 

2 193 

permanent, newly erup¬ 
ted, premolars 

Human dentine Round, 

3781 

1*310 

18*46 

2*048 

2*165 

39*97 

2*165 

permanent, old (Indian) 

Human dentine sound. 

37*64 

1*391 

18*18 

2*071 

2*293 

39*93 

2*189 

temporary 

♦Corresponding enamel 

39*98 

0*424 

18*42 

2*171 

0*70 

40*68 

2-20B 


Robison [1932] considered that in all probability the other inorganic constituents 
of bones and teeth can be incorporated into this complex molecule, equivalent 
amounts of other bases replacing the Ca and various groups C0 3 , (OH 2 ), Cl 2 and 
F 2 representing the X 2 . The Ca/P ratio of such a compound is 2-153. Replacement 
of one Ca by Mg would give a ratio of 1*935, the same as that of tricalcium 
phosphate Ca 3 (P0 4 ) 2 . If Mg does replace Ca in the apatite of bones and teeth, 
then having calculated the amount of Ca equivalent to the Mg, the Ca/P ratio 
should approximate to that of apatite. Orent ei al. |1934J have shown that Mg 
and Ca do replace one another in rats’ bones. 

The results in Table 1 show that the human dentine contained the least Mg 
and gave the highest Ca/P ratio both actual and corrected. The corrected value 
was close to that of apatite. Next in order came the horse and dog dentine with 
corrected ratios differing a little from that of apatite. The P values of human, 
dog and horse dentine differed very little from one another. Taken as a whole the 
results from these dentines agreed reasonably with the theory that the calcified 
substance is largely apatite. Human enamel corresponds very closely to apatite. 
The elephant tusk dentine (ivory) had a very high Mg content and hence a corre¬ 
spondingly low Ca. The actual Ca/P ratio in this would be a very misleading 
figure if not taken in conjunction with the corrected ratios. In passing to the 
rodents’ teeth the results showed wide differences from those of the dentines. 
These teeth in general had a much greater Mg content and consequently a lower 
Ca content. Toverud [1923] found only 0*63 % Mg in rats’ incisors, but Watchorn 
(private communication) found 1*6% Mg in 4^-month-old rats on a diet contain¬ 
ing 0*045% Mg. In the present work values are high, no doubt because the diet 
was unintentionally but not abnormally high in Mg, i,e. 0*15%. The proportion 
of Ca:Mg in these different materials shows that there are variations in the 
degree of replacement. In some cases (human and dog dentine) the molar 
relation Ca:Mg was approximately 18:1, in rodents’ incisors 9:1, whilst in the 
elephant ivory it was 5:1 approximately. The difference in Mg content cannot 
altogether be accounted for by variations in Mg content of the blood sera. Human, 
dog, rabbit and rat sera contain respectively 2*2 [Greenberg ft Mackey, 1932], 
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2-4 [Greenberg & Mackey, 1932], 2*6 [Brookfield, 1933], and 5*0 [Watchorn, 
1933], all stated as mg. Mg/100 ml. The P values in rats* teeth were also signifi¬ 
cantly higher. The resulting Ca/P ratios were also much too low to satisfy 
3Ca 3 (P0 4 )2.MgX2. It is probable that Mg replaces even more of the Ca. A 
consideration of the “total ” Ca and P values in comparison with the correspond¬ 
ing values in human dentine, etc. suggests that some other P compound, less 
basic than triealeium phosphate, is present in rodents’ teeth or that they contain 
considerable quantities of other bases not estimated. This still does not explain 
why the P content of the rodents’ teeth was so much greater. X-ray analysis of 
rats' teeth and elephant tusk is being carried out in conjunction with this work 
and should help to settle the question of constitution. 

A notable point is the difference in composition of the incisor and molar 
teeth of the same animal. The 1 - high Mg and low Ca/P of rats’ incisors prompted 
this investigation on rabbits’ and guinea-pigs’ teeth. The rabbit and hare incisors 
corresponded reasonably well with rats’ incisors. It was surprising to find much 
lower Mg values in guinea-pigs, but this was in agreement with the results of 
Toverud [1923] who found 1-74% Mg. The difference between the incisors and 
molars in some cases is very marked and it does not seem possible to explain the 
differences by reason of the different proportions of enamel and dentine in the 
different teeth. The variations in Mg content of the rats’ incisors at different ages 
agreed with the observations of Orent et al. [1934]. 

It would seem from the differences in composition of incisor and molar teeth 
of certain rodents and from the fact that the enamel and dentine which are laid 
down, presumably at the same time, in human teeth, can show distinct differences 
in Ca. MgrP proportions, that the physico-chemical conditions which according 
to the Hupersaturation precipitation theory govern the deposition must be subject 
to local variations and not lx* determined by the blood system only. It may be 
noted in passing that though the Ca contents of different animals’ blood do not 
differ very much, the P contents show big differences; for example pigs’ blood 
contains much more inorganic P and ester-phosphorus than the blood of most 
other animals [Kay, 1928]. 

The fact that the proport ion of Ca: Mg varies with age has also to be accounted 
for. I)a} T et al. [1935] have dealt with this variation of Mg content of bone. It is 
possible that these age changes could be correlated with the recognized differences 
in blood composition at different ages [Watchorn, 1933], but it is not so easy to 
correlate the differences between incisor and molar teeth and bone taken at the 
same time, or the difference between enamel and dentine in human teeth. In the 
ash of human enamel the Ca/P is 2*15 and Mg 0-46%, in the ash of dentine the 
Ca/P is 2-05 and Mg 1-2%. The fact that big differences in mineral content can 
occur in material deposited in different regions of the body at the same time 
promotes the suggestion that all calcifications are the result of specific cell 
activity rather than merely precipitation governed by solubility products. 
Logan [1935] observed similar differences in composition of the inorganic part of 
calcified tissues and is of the opinion that these differences must be taken into 
account in any consideration of the means by which calcification takes place. 
There is evidence that the deposition of salts in bone, designated by Robison et al. 
[1930] the “inorganic” or second process in calcification (the hydrolysis of 
phosphoric esters by phosphatase apparently precedes this), is not a purely 
passive physico-chemical process because of the fact that in vitro it is inhibited 
by various means, partially by 0 001 M KCN, profoundly by 0-00001 M NaF 
[Robison & Rosenheim, 1934]. It is usual to associate such inhibitions with the 
cell activity. The last mentioned authors brought forward strong evidence that 
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the second mechanism was also enzymic. For several reasons then calcification 
might be considered similar to other active and specific cell processes. The 
ameloblasts, odontoblasts and osteoblasts each, by the various enzymic processes, 
are responsible for laying down in an organic matrix complex phosphates of 
calcium and magnesium. The complexes are not necessarily universally identical 
but are affected by local conditions as well as by conditions in the blood. The 
organic composition of the matrix may be important in connexion with the 
variations in composition of the inorganic substance 4 laid down therein. Harris 
[1932] found glycogen in developing bone. With the exception of liver cells in 
which glycogen represents a stored secretion, glycogen is usually regarded as a 
ready store of energy which is made available for cellular activity by formation 
of various esters of phosphoric acid. The glycogen of developing bone could play 
a similar role in the active cell processes. That glycogen metabolism may play 
a part in calcification is indicated by the fact that sodium iodoacctate in very 
low concentration inhibits the calcifying process in vitro [ Robison and Rosenheim, 
1934] and in vivo [Laszt & Verzar, 1935]. 

The theory built up by Robison from his extensive work on the calcifying 
mechanism has emphasized the sensitive character of the second mechanism. The 
results put forward here suggest that the calcification process is highly specific 
and that the differences in composition of the inorganic substance laid down in 
calcifying tissues are to be explained on the basis of this specificity. 

Summary. 

1. A quantitative study of the Ca, P and Mg contents of the ash of teeth of 
different animals has been made. Marked differences were found in the relative 
amounts of these elements present. 

2. Rodents’ teeth generally contained more Mg, more P, but less Ca than dog 
and human teeth. Rodents’ incisors and molars were different in composition. 

3. Ca/P ratios varied between 1-75 (rats’ incisors) and 2-09 (human dentine). 
This variation was due chiefly to differences in the Ca content resulting from the 
differences in Mg content. Ca/P ratios give no idea of the type of phosphate 
present. “Corrected” Ca/P ratios (see text) differed less. 

4. The suggestion is made that the wide differences in composition of the 
mineral constituents found in teeth of different animals, in different types of 
teeth of the same animal, in bones and teeth of the same animal and in different 
tissues in the same tooth, support the view that the deposition process of calcifica¬ 
tion is an active and specific cell process, and not merely a precipitation from 
saturated or supersaturated solutions of a salt of constant composition dependent 
on the ionic composition of the blood plasma. 

The expenses of this work were defrayed by a grant from the Medical Research 
Council, for which thanks are recorded. 
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DETERMINATION OF BLOOD UREA. 

By ALAN BRUCE ANDERSON and SIDNEY LIONEL TOMPSETT. 

From the Biochemical Laboratory , Department of Pathology of the University 
and Royal Infirmary , Glasgow . 

(Received 23 July 1936.) 

The possibility of an error in the determination of urea in blood by urease 
methods was brought to our notice by the fact that figures obtained by the 
direct estimation of urea in human blood corpuscles were obviously too high. 
This error appears to have been first reported by Bchre [1923], who observed 
that when the soya bean urease method was applied to whole blood the urea 
obtained was partially determined by the concentration of urease extract 
employed, and that the substance responsible for this ‘‘extra urea’’ was chiefly 
contained in the corpuscles. She did not come to any conclusion as to the 
exact nature of this substance. Addis [1928], when estimating the urea in liver 
tissue with Jack bean urease, obtained a linear relation between the quantity of 
urea produced and the quantity of urease used. He considered that the extra 
urea was derived from the action of arginase in the liver on arginine in the Jack 
bean. He also found that the apparent concentration of urea in human blood 
might be varied by adding different amounts of urease. He does not state that the 
variation in the case of blood was due to arginase. Peters & Van Slykc [1932], in 
describing the urease method as applied directly to whole blood, state “...un¬ 
necessarily prolonged contact between blood and enzyme is to be avoided be¬ 
cause of the possibility of slow formation of ammonia by the ac tion of arginase 
in the blood cells on arginine in the enzyme preparation” and refer to the work 
of Addis and Behre which did not actually prove that the error was due to the 
action of blood arginase. 

This source of error in a standard method appeared to be* of sufficient 
importance to justify a further investigation. 

Experimental. 

Method . Urea was determined by the aeration-titration method as described 
by Kay and Sheehan [1934] except that the acid was titrated to the nearest 
0*05 ml. in a standard 50 ml. burette instead of to 0*01 ml. as in the original 
method. All determinations were done in duplicate and the figures for blood arc 
given to the nearest 0*5 mg. urea per 100 ml. blood. 

Urease. 1 . A watery extract of soya bean powder prepared by extracting 
10 g. of powder with 100 ml. of water for 1 hour as described by Kay & Sheehan 
[1934]. 2. Jack bean urease powder, acetone precipitate [Peters & Van Slyke, 
1932J. 3. Crystalline urease prepared by the method of Sumner [1926, 1, 2]. It 
was found that good crystals could be obtained by using Jack Bean Powder 
(B.D.H.), which had been thoroughly extracted with ether in a Soxhlet apparatus 
and then dried, in place of the * 4 Arlco ’ ’ Jack bean meal used by Sumner. 

( 1572 ) 
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Blood. Blood was taken from a limited number of normal men by veni¬ 
puncture and oxalated in the usual manner. 

Preliminary experiments confirmed the findings of Behre and Addis that 
extra urea was formed when the concentration of enzyme was increased. The 
action of a strong solution of urease was then compared with that of a preparation 
of crystalline urease on blood and plasma simultaneously. Jt will be seen from 
Table I (Nos. 1-4) that the 100 mg. of powder gave 0*5 mg. of urea more than 
the crystalline enzyme with whole blood, but that the two preparations gave 


identical results with plasma. 

Table I. 

Subject ft u tat rate 

r reuse preparation 

Crea mg. 
per 100 ml. 
blood or 
plasma 

1. 

S. L. T. 

Blood 

100 mg. powder 

25-5 

2, 

M 

Blood 

Crystalline 

19 

3. 

ft 

Plasma 

1(H) mg. powder 

23 

4. 

»» 

Plasma 

(Yystalline 

23 

5 

A. 1). 

Blood inactivated 

Sova bean extract 

25 

ft. 


Blood inactivated i 2 mg. arginine. 

(5 ml.) 

rt 

25 

7. 

** 

Blood 


30 

8. 


Blood i-2 mg. arginine 


39 5 

9. 

A. B. A. 

Blood ina< tivated 


19-5 

10. 

** 

Blood inactivated r 2 mg. arginine 

„ 

20*5 

11. 

„ 

Blood 


31 

12. 

♦. 

Blood+ 2 mg. arginine 


34 

13. 

II. 

Plasma inactivated 


29*5 

14. 

M 

Plasma inactivated +2 mg. arginine 


28 5 

15. 

M 

Plasma 

„ 

29*5 

Hi. 

M 

Plasma 1 - 2 mg. arginine 

.. 

29-5 

17. 

T. 1\ 

Blood 

100 mg. powder 

245 

18. 

„ 

Blood + 2 mg. (\iCl 3 . 6H a < > 

49 5 

19. 


Blood inacti\ a ted 


21 r. 

20. 

?» 

Blood innetivated + 2 mg. CoCl 3 , 6H a O 


41-5 

21. 

S. L. T. 

Blood 

100 mg. ponder 

32 

22. 

** 

Blood -t-2 mg. CoCI 2 * 6H a O 

60-5 

23. 


Plasma 


30-5 

24. 


Plasma 2 mg. CoCi Jf 6H a O 


32-5 

25. 

A. B. A. 

Blood 


37-5 

26. 


Blood+2 mg. glutamic arid, 2 mg. 

M 

38-5 

27. 

f* 

histidine hydroehloride, 2 mg. glycine 
Blood + 2 mg. arginine 


49-5 


It was then assumed that these results were due to the action of blood 
arginase. The addition of arginine in solution to the blood was found to increase 
the apparent urea. Now Hunter and Dauphinee [1933J have shown that 
arginase is rapidly inactivated at a pH less than 4*0. Accordingly blood arginase 
was inactivated in the following manner: to 2 ml. of blood washed into the 
reaction tube with water instead of buffer was added 1 ml. of S H 2 S0 4 and the 
tube heated to 50° for 10 min., the tube was then cooled and the acid neutralized 
by 1 ml. of N NaOH and then the buffer and urease added. An equivalent 
amount of a mixture of equal volumes of N H 2 S0 4 and N NaOH was added to 
the other tubes in the series. Not only was no extra urea produced by the 
addition of arginine to the “inactivated” blood but the apparent urea in the 
“inactivated” blood was less than in the untreated blood, while the addition of 
arginine to the untreated blood produced a considerable increase in the urea 
found. (Table I, Nos. 5-8.) Blood from a different individual showed the same 
effect except that there was a very slight increase of urea on adding arginine to 
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the “inactivated ” blood. (Table I, Nos. 9-12.) On the other hand the values for 
plasma urea were unaffected by this “inactivation” nor did the plasma give any 
extra urea on the addition of arginine. (Table I, Nos. 13-16.) 

In a recent paper Hellerman and Perkins [1935] demonstrated the activation 
of arginase by certain metal ions Co ++ , Ni + +, Mn +1 . The effect of the addition 
of a solution of cobalt chloride to the reaction tubes was therefore investigated. 
Cobalt chloride 2 mg. in 2 ml. of water produced an increase of approximately 
100% in the apparent urea of the blood. (Table I, Nos. 17, 18.) This extra 
25 mg. of urea per 100 ml. of blood would be equivalent to the hydrolysis of 
1-45 mg. of arginine in the reaction tube. The “inactivated” blood was also 
reactivated by the eobaltous ions and gave an extra 20 mg. of urea. (Table I, 
Nos. 19, 20.) With blood and plasma the addition of cobalt again produced a 
large increase in the urea found in the blood and only a very small increase with 
plasma which was probably due to a small amount of corpuscle arginase con¬ 
taminating the plasma as there was slight haemolysis. (Table I, Nos. 21-4.) 
As a control tubes were put up without blood. Both urease with cobalt and also 
urease with arginase and cobalt failed to form ammonia. The titrations w r ere 
identical with that for the urease blank. 

Other amino-acids were tried in place of arginine. In one exj>eriment glycine 
gave no extra urea and in another a mixture containing glutamic acid 2 mg., 
histidine hydrochloride 2 mg. and glycine 2 mg. produced only the slight 
increase of 1 mg. per 100 ml. in the apparent urea, while the addition of 2 rag. of 
arginine gave an increase of 12 mg. (Table I, Nos. 25-7.) 

Urease solutions were incubated with a preparation of liver arginase—made 
from calf liver by the method described by Hellerman & Perkins [ 1935]—instead 
of blood, and it was found that the arginase produced ammonia from the strong 
urease solutions. It will be seen from Table I I that 10 mg. of urease powder 

Table II. The reaction between arginase and urease preparations. 

ml. 0 01 N H 2 S0 4 equivalent to NH 8 
formed after incubation at 80° for 
30 min. with urouse powder 


t --^ 

10 mg. 100 mg. 

1. Arginase solution 2 ml. 0 0 0-35 

2. Arginase solution 2 ml. 4 arginine 2 mg. 0*0 0*7 

3. Arginase solution 2 ml. + C 0 CI 2 , 6H t O 2 mg. 0 3 2*15 


incubated with arginase gave no appreciable ammonia though the arginase 
solution was active and hydrolysed added arginine. When the arginase was 
activated by cobalt a small quantity was produced. By contrast 100 mg. of 
urease powder, though only giving a small quantity of ammonia with arginase 
alone, with cobalt-activated arginase gave a large amount of ammonia equivalent 
in this case to the hydrolysis of 1*85 mg. of arginine. The quantities of ammonia 
produced from this strong urease solution are of the same order as those equi¬ 
valent to the “extra” urea obtained with blood under similar conditions. 

Discussion. 

The experiments reported here show that the factor responsible for the 
production of the extra urea from the urease solutions is the arginase in the 
corpuscles, because it is activated and inactivated by the same methods as 
arginase and can be replaced by a preparation of arginase from liver. Addis, in 
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his experiment with liver and urease, considered that it was unlikely that the 
arginine in some of his urease preparations was free, and suggested that either 
proteolytic enzymes in the liver set arginine free, or that one of the proteins of 
the Jack bean has arginine so situated in its structure that urea might be 
formed from it by arginase. We have no direct analytical evidence of the 
amount of free arginine in our urease preparations but free arginine cannot be 
excluded on general grounds. Arginine is precipitated by acetone in the strength 
used for precipitating the soluble urease powder and according to Sasaki [1932] 
arginine nitrate 9*55 g. was isolated from the hot water extract from 5 kg. soya 
bean which had previously been extracted with ether. 

According to Edlbaeher et al. [1927] arginase is present in the blood of man, 
cattle, sheep and pig, and absent from the blood of the dog, cat, rabbit, porpoise, 
mouse, rat, hen, pigeon and goose [Edlbaeher & Rothler, 1925]. On the other 
hand Weil & Russell [1934] report the presence of arginase in rat blood in both 
the cells and plasma and that it is higher in adult males than in young males, 
castrates and females, but there is no obvious relationship between the blood 
urea level and the arginase activity. There seems to be general agreement that 
arginase is present in human blood and that it is confined to the cells. 

In the experiments reported above the reaction mixtures were all incubated 
for 30 min. The effect of the time of ineubation has not been investigated in 
detail but bloods from some subjects w r ere found to give appreciable amounts of 
extra urea after only 8 rain, ineubation. The original observations of Behre 
were made after incubation for 10 min. on bloods obtained from hospital cases 
which showed considerable variation in the magnitude of the increase in urea 
with concentrated extracts. It is of interest to note that even with the weak 
extracts used by Behre [1923] the figure for w hole blood urea w as in some cases 
a little higher than that for plasma indic ating a small production of extra urea. 
The urease preparations used in the present work though described as strong 
solutions were actually of the strength advised for routine use. 

It seems unlikely that this error is of significance in the routine estimation of 
blood urea for clinical purposes. When however an accurate estimation is neces¬ 
sary the variable error introduced by the action of blood arginase may be far 
greater than any experimental error and will vitiate the result unless precautions 
are taken to eliminate the arginase action. The question would not arise with an 
animal such as the rabbit whose blood is said to be free from arginase. In the 
case of human blood the most satisfactory solution appears to lx* the use of 
plasma for analysis. In the presence of eobaltous or other divalent ions which 
activate arginase such precautions would be essential. 

Summary. 

1. The reported production of ‘‘extra” urea when human blood is incubated 
with concentrated solutions of urease is confirmed. 

2. The substance responsible is considered to be the blood arginase. It is 
confined to the corpuscles and is inactivated by incubation at 37-50° for 10 min. 
after the addition of acid to the blood and is activated by the addition of eobaltous 
ions which may produce an increase of 100% in the apparent blood urea. A 
similar production of ammonia is observed when the concentrated urease 
solutions are incubated with a preparation of liver arginase. 

3. The significance of this error in urea analysis is discussed and the use of 
plasma is advised for the accurate estimation of urea in human blood. 
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CCXXII. RESPIRATION OF BRAIN. 
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Few facts are known concerning the metabolism of parts of the brain other than 
cerebral cortex. Holmes [1930] has shown that grey matter is more active than 
white in its oxidising systems. Respiration rates of roughly differentiated parts 
of the brain in Ringer-phosphate-glucose have been studied by Gavrilescu & 
Peters [ 1931 ] in the pigeon and by Himwich & Fazikas [1932] in the rat. Experi¬ 
ments have l>ecn started in this laboratory to extend further this differentiation 
of brain regions by studying respiration rates with different substrates, and parts 
have been selected which arc* known to be especially susceptible to pathological 
change. Thus we have chosen the striate body, globus pallidus, cerebellar cortex 
and the cornu ammonis. We have also included the hypothalamus and medial 
parts of the thalamus because of their alleged specific affinity for narcotics, 
particularly the barbiturates. 

The present investigation deals with the metabolism of these parts in normal 
ox brain. 


Experimental. 

Respiration rates were measured in Barcroft differential manometers at 
37*3°. The medium w as Ringer-phosphate as used by Gavrilescu & Peters [1931]. 
The manometers were filled with oxygen. The ox brains were received about 
1 hour after death of the animal and the first manometer readings were normally 
taken about 2 hours after death. After removal of the membranes, slices of the 
various parts were cut with a small arrow-shaped scalpel and were then either 
transferred to Ringer solution or mashed for about 30 sec. on a glass plate with 
a bone spatula. Slices of cerebral cortex about 1 cm. square were easily cut by 
this method, but from cerebellar cortex only thin strips could be cut owing to 
its structure. About 4 or 5 such strips, usually cut from folds of the vermis, were 
used in experiments with slices. The cornu ammonis and corpus striatum (caudate 
nucleus) were minced or sliced after removal of the ependyma. The thalamus 
with the hypothalamus and corpus callosum were easily dissected out en bloc 
for mincing or slicing. The globus pallidus is so small and its respiration so low 
that it was necessary to pool tissue from six ox brains for a satisfactory experi¬ 
ment. Normally about 120 mg. tissue were used. 

Table I and Fig. 1 summarize the results obtained on minced tissue from 
different brain regions with or without the addition of glucose, lactate, succinate 
etc., in Ringer-phosphate solution. 

It is seen that minced cornu ammonis and globus pallidus show no extra 
oxygen uptake in presence of glucose and little in presence of lactate, although 
these parts show an increased respiration in presence of succinate. The respira¬ 
tion of cerebellar cortex, corpus striatum and thalamus in glucose is also affected 

1 Maudsiey Research Fellow. 

* Under a grant from the Rockefeller Foundation. 
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Table I. Effect of substrate on oxygen uptake of minced brain tissues . 


{A. O a /g. fresh tissue/hour. 

Thalamus and 

Cerebral cortex Cerebellar cortex hypothalamus Corpus striatum 


Exp. 

Substrate 

1 hr. 

2 hr. 

3 hr. 

j' hr. 

2 hr. 

3 hr. 

1 hr. 

2 hr. 

3 hr. 

1 hr. 

2 br. 

3 hr. 

1 

None 

702 

500 

308 

930 

507 

352 

574 

483 

374 

800 

594 

440 

2 

Glucose 

870 

811 

750 

1010 

783 

022 


— 


1000 

829 

092 

3 


898 

878 

820 

— 

- 

— 

002 

520 

430 

919 

827 

024 

4 

Lactate 

939 

848 

700 

1145 

870 

080 

— 

- 

— 

um 

788 

508 

5 


1295 

1130 

1008 

1708 

1300 

1092 


— 

— 

— 

... 

— 

a 


920 

848 

752 


_ 

— 

803 

004 

537 

1158 

841 

039 

7 

Succinate 

1740 

1130 

745 

1833 

1117 

700 

— 

— 

-- 

2092 

1310 

800 

8 



_ 

- 

2005 

14(K) 

9G0 

— 

— 


20-49 

1000 

1112 

9 


1910 

1380 

970 


_ 


1340 

1040 

800 

2305 

1000 

970 

10 

Lactate-glycerophosphate 

1450 

1070 

815 

- 

—- 

— 

1100 

880 

025 

1070 

1080 

080 

11 


1020 

1140 


2080 

1480 

— 

- 

.... 

... 

1700 

1400 

— 

12 

Glutamate 

m> 

022 

540 

880 

508 

392 

658 

512 

410 

890 

m 

492 


Cerebral cortex Other brain region 


Exp. 

Substrate 

t - 

1 hr. 

2 hr. 

3 hr. 

1 hr. 2 hr. 3 hr. 

16 

None 

705 

528 

408 

Corpus striatum 

667 532 408 


Glucose 

767 

711 

650 

740 608 464 


Corpus callosum 


None 

761 

524 

390 

100 

66 

60 

Glucose 

880 

824 

750 

100 

64 

55 


Corpus striatum 




32 

None 

829 

692 

500 

679 

556 

412 


Na butyrate 

692 

538 

400 

487 

360 

256 


Cerebellar cortex 


34 

None 

692 

476 

282 

933 

500 

344 


Na glutamate 

816 

624 

560 

936 

520 

372 

35 

None 

672 

488 

380 

812 

372 

280 


Na glutamate 

776 

628 

520 

872 

540 

360 





None 



Glucose 



Lactate 


Exp. 

Brain region 

1 hr. 

2 hr. 

3 hr. 

1 hrT 

2 hr. 

3hr. 

1 hr. 

2 hr. 

3 hr. 

21 

Cornu ammonis 

543 

394 

268 

550 

334 

228 

678 

454 

280 

25 

Globus pallidus 

228 

138 

96 

206 

140 

90 

250 

172 

104 

30 

Cerebellar cortex 

’980 

550 

380 

1100 

880 

670 

1680 

1340 

1010 


though to a less extent. It is of course well known that most tissues have very 
powerful succinoxidase systems which can be freed from cell debris [compare 
Cohen & Gerard, 1934], 

It was tempting to ascribe these results to real differences in the biochemistry 
of these regions. When, however, slices of these parts were used a constant 
respiration rate was always obtained, in glucose or lactate, and the usual falling 
off of oxygen uptake in absence of added substrates. Table II summarizes the 
results obtained for the respiration of sliced tissue in Ringer-phosphate with 
glucose or lactate. 

The oxygen uptake values given in Table II were roughly constant during 
the 3-hour period of the experiment. 
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Fig. 1. •—• Ringer-phosphute-+ glucose; Ringer-phosphate. 


In the absence of added substrate the oxygen uptake of each part decreased 
rapidly from an initial value which was roughly the same as that with glucose 
to about 1 /3 of this in 1 1 hours. The slices of tissue w'ere removed from the bottles 
and the dry weights found in the usual way. The dry weight of cerebral and 
cerebellar cortex is about 17 % of the wet weight and those of corpus striatum, 
thalamus and globus paliidus, about 18%. These ratios have been us^l to 
calculate the oxygen uptakes in fd./g. wet weight/hour from the dry weight. 


Table II. Oxygen uptakes of sliced tissue in fil.lg . wet weight'.hour. 



Glucose 

Lactate 

Cerebral cortex 

1700 

2040 

Cerebellar cortex 

2550 

3060 

Corpus striatum 

1980 

2160 

Cornu ammonia 

1260 

1440 

Thalamus 

1170 

1440 

Globus paliidus 

360 

' 450 


Further experiments were carried out in which about 30 slices of cerebral 
cortex were cut from a single fresh ox brain. Half of these slices were then minced 
in the usual way and the respiration of the mince so prepared w as compared w r ith 
that of sliced tissue unminced. About 100 mg. of tissue were used for each 
Barcroft bottle. It is easy to obtain duplicate respiration rates of minced tissue 
agreeing within 5 % with this amount of tissue, but results on single cortex slices 
may vary by 20-30%. To obtain good agreement of duplicates in the slicing 
series, three or four representative slices were used for each bottle and duplicates 
then agreed to within 10%. One of three such experiments is recorded here. 
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Medium: Ringer-phosphate + glucose 0*2%. 

Oxygen uptake in pi. per g. wet weight over 2*hour period during which respiration rate of 
tissue did not change appreciably: 

Minced 1600 
Sliced 4000 

In the ease of cerebral cortex then, the respiration of the slice (2000 pi./g./hour) 
is about double that of the mince (800 pl./g./hour) and this difference between 
sliced and minced tissues is even more marked in other parts of the nervous 
system. This does not agree with the work of Holmes [1030J and of Quastel & 
Wheatley [1932] who state that mincing the brain tissue does not alter the 
respiration rate. 

As the Ringer-phosphate solution used in the above experiments contained 
a rather large amount of potassium it was considered that this factor might 
possibly account for these results, since Dickens & Greville [1935] have shown 
that Mj 10 KOI added to Ringer solution increases the respiration of rat (cortex 
slices by about 100 % in glucose or lactate. It was found that such an addition 
of potassium to M/6 0 sodium phosphate-Ringer produced a slight inhibition of 
the respiration of minced ox cortex or minced rat whole brain. The respiration 
of ox cortex slices was increased about 30% in glucose as against 100% in the 
rat. The difference between the mince* and the slice was therefore not due to the 
large potassium content of the medium. 

Oxygen uptake of cerebral cortex in Ringer-phosphate-glucose with and without 
M j10 KCl in p/./gr. wet weight/hour . 

Without KOI With KCl 

Minced 850 800 

Sliced 1700 2380. 

(KCl added after 40 min.) 

Duration of experiment 80min. 0-3 ml. of M KCJ contained in “danglers” and added to 
the 3 ml. of medium in the Barcroft cups by shaking after 40 min. Medium: NaCl 0-70%, 
KCl 0 018 %, CaCl 2 0*019 %. NaH 2 !?0 4 0 04 %, Na*HP0 4 0*21 % , as used by Warburg (1923]. 

Differences in the magnitudes of the respiration rates of the various parts are 
not necessarily indicative of relative cellular metabolic activities, since it is not 
known how much is duo to variation in cell density. It is however interesting to 
note that the respiration rate of cerebellar cortex is initially about 50 % higher 
than that of cerebral cortex. In the minced tissue experiments, diminution of 
the respiration rate was most marked in those regions which contain specially 
large ganglion cells like the cornu ammonis and the cerebellar cortex. It was 
therefore supposed that these large ganglion cells suffered more damage on 
mincing. Confirmation of this was obtained bv histological examination of 
films of minced tissue stained with toluidine blue, since the large pyramidal cells 
of the cornu ammonis and the Purkinje cells of the cerebellum were often nearly 
completely destroyed, whereas the smaller cells of the cerebral cortex preserved 
their shape better. Examination of slices of tissue revealed no such damage to 
the large ganglion cells. This explanation then may account for some of the 
differences observed in the minced tissue experiments, although it must be pointed 
out that the large ganglion cells in the cerebellar cortex and cornu ammonis con¬ 
stitute a fraction of the total ganglion cell content of these regions which is difficult 
to assess since there are both large and small ganglion cells. The same applies to 
the thalamus, the hypothalamus and the striate body, whilst the globus pallidus 
contains only large cells which however do not attain the size of the Purkinje cell. 
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It was then considered possible that injury to the large cells of the gasserian 
ganglion might have similarly damaged their respiration in the experiments of 
Holmes [1932] who, using chopped tissue, found that their respiration was very 
low in glucose, being actually less than that of the cranial nerve. On the basis 
of these experiments Holmes suggested that the seat of metabolic activity is 
the dendrite rather than the* cell body, since the gasserian ganglion cells have no 
dendritic structures. The point was therefore investigates! in the ox by removing 
the two ganglia and cutting slices of them with a razor or chopping them with 
scissors. Simultaneously the brain was removed and slices of cerebral cortex 
and cerebral white matter used for comparison. It was found that even the 
slight injury to the ganglion resulting from chopping with scissors caused the 
respiration rate in glucose to fall rapidly to one-half of its initial value in 2 hours. 
The respiration of the sliced ganglion, on the other hand, was not only much 
higher than that of the minced ganglion or of sliced white matter, but was 
constant over the 2-hour period of the experiment in glucose and fell rapidly in 
its absence, resembling that of cerebral cortex in this respect. Although the 
magnitude of the oxygen uptake of the sliced ganglion is low (J50 pi./g./hour) 
when com {Min'd with that of cortex (1700pi. g./hour) yet it must be concluded 
that in the ox the cells of the gasserian ganglion oxidize glucose, even though they 
have no dendritic structures, and that they are more efficient in this respect 
than while matter. 

Oxygen uptakes of gasst ruin ganglion and corpus callosum in 
pi. g. met ircight;hour. 

Sliced 

Minced With gliKKise Without glucose 

Gasserian ganglion 100 300 90 

White matter 60 ISO 70 

(corpus callosum) 

The above figures represent average oxygen uptakes over the 2-hour period of the experiment. 
Medium: Warburg's (1923] Uinger-phosphate rglucose. 


The steady maintenance of the respiration rate of mammalian brain when 
minced is a }X)int often cited when the metabolism of brain is compared with that 
of other tissues. The respiration of the liver for example is almost completely 
destroyed by mincing. The experiments here recorded show that even if the 
respiration of cerebral cortex appears to Ik* undamaged by mincing it is in reality 
injured and the injury to other parts is more marked. As a whole brain tissue 
may he less damaged than, say, liver tissue, not because of any essential bio¬ 
chemical difference but because it is less susceptible to mechanical injury. The 
above investigation illustrates the necessity for accurate morphological control 
in the interpretation of biochemical findings. 

Summary. 

Respiration rates of different parts of the brain which art* known to be 
especially vulnerable have been studied in the presence of different substrates. 
In the minced tissue, unlike cerebral cortex, certain regions showed little or no 
extra oxygen uptake in the presence of glucose or lactate, whereas, when slices 
of these regions were used, constant and much higher respiration rates were 
observed. Cerebellar cortex has a greater metabolic activity than any other part 
of the brain. 
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CCXXIII. HYPOGLYCAEMIC AND OTHER 
ACTIONS OF PHOSPHOTUNGSTIC ACID, 
PHOSPHOMOLYBDIC ACID AND 
ALLIED SUBSTANCES. 

By HARENDRA NATH MUKHERJEE. 

From the Biochemical Department , Carmichael Medical College , Calcutta. 

(Received 27 May 1936.) 

On account of their chemical properties phosphotungstates and phospho- 
molybdates have been long used in the laboratory for colorimetric estimations 
but their actions on the living system have not been properly studied. Ad 
ministered internally these substances, however, were found to have definite 
effects on metabolism. In a previous communication [Mukherjee, 1935] it was 
shown that phospho-24-tungstic acid had hypoglycaemic action. As mentioned 
in that paper experiments were also done with some allied substances. It was 
found from these experiments that phosphomolybdie acid, molybdic acid, 
silicotungstic acid, sodium tungstate, ammonium phospho-18-tungstate and 
also sodium vanadate had hypoglycaemic actions w r hen administered by mouth. 
Some of these substances were found to have diuretic actions as well. It was also 
found from experiments that these substances acted like oxidizing enzymes. 
From a consideration of these properties the author was led to try the effect of 
these substances in a few cases of cancer [Mukherjee, 1936]. This work is being 
continued. In the present paper the hypoglycaemic and other actions of these 
substances will be dealt with. 

Experimental. 

Excepting phosphotungstic and silicotungstic acids (Schering-Kahlbaum) 
the other substances used were Merck’s. Ammonium phospho-18-tungstate 
(Wu’s B form) was prepared in the laboratory [Wu, 1920]. 

Hypoglycaemic action. For studying the hypoglycaemic action white rabbits 
were used. In a few cases experiments were also done on diabetic human sub¬ 
jects. Blood sugar was estimated by the Folin-Wu colorimetric method. The 
hypoglycaemic effect was measured by the fall of blood sugar 3 hours and also 
5 hours after administration of the material in rabbits fasting for about 20 hours. 
The samples were administered in 5 ml. of distilled water by stomach tube to the 

Table I. 

Insulin 0*6 unit Phosphotungstic Phosphomolybdie 

subcutaneously. acid (0-3 g.). acid (0*3 g.). 

Blood sugar in Blood sugar in Blood sugar in 

mg. per 100 ml. mg. per 100 ml. mg. per 100 ml. 



Wt. 


,- 

—a— 

-, k 

- 

—*— 

- N 

t - 

-V- 


Rabbits 

kg' 

Sex 

Initial 

3 hr. 

5 hr. 

Initial 

3 hr. 

5 hr. 

Initial 

3 hr. 

5 hr. 

I 

1-26 

F 

105 

67 

80 

102 

71 

67 

89 

77 

74 

II 

M6 

F 

91 

63 

65 

87 

71 

71 

87 

80 

63 

HI 

1-22 

M 

100 

74 

— 

83 

67 

— 

95 

83 

80 

IV . 

1*20 

M 

SO 

59 

— 

91 

77 

74 

83 

74 

71 

V 

1*1 

F 

111 

67 

91 

118 

87 

83 

Ill 

85 

83 

VI 

M4 

F 

91 

77 

80 05 
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rabbits, usually at intervals of 2-3 days. The hypoglycaemic effects of 0*3 g. of 
phosphotungstic acid and 0*3 g. of phosphomolybdic acid compared with 0*6 unit 
of insulin (Eli Lilly and Co.), 0*5 unit per kg. body weight, given subcutaneously 
are shown in Table I. 

The effects by mouth of 0-3 g. of molybdic acid and 0*3 g. of sodium tungstate 
compared with 0-7 unit of insulin, 0*5 unit per kg. body weight, given sub¬ 
cutaneously are shown in Table II. 


Table 11. 


Insulin 0*7 unit 
subcutaneously. 
Blood sugar in 
mg. per 100 ml. 


Molvbdie acid 
(0*3 g.). 
Blood sugar in 
mg. per 100 ml. 


Sodium tungstate 
(0*3 g.). 
Blood sugar in 
mg. per OKI ml. 


Rabbits 

YVt. 

kg. 

Sex 

Initial 

3 hr. 

— ^ 

5 hr. 

Initial 

3 hr. 

- 

5 hr. 

Initial 

3 hr. 

-'S 

5 hr. 

Vll 

1 *4.'} 

F 

105 

74 

91 

105 

91 

91 

100 

95 

87 

VIII 

1*22 

F 

91 

67 

74 

95 

83 

80 

105 

74 

74 

IX 

1-56 

M 

or. 

80 

— 

105 

80 

77 

95 

91 

80 

X 

1-60 

M 

loo 

67 

91 

91 

77 

74 

— 

— 



The hypoglycaemic effect's by mouth of 0*2 g. of sodium vanadate (meta) 
and of 0*3 g. of silicotungstic acid and 0*3 g. of ammonium phospho-18-tungstate 
were also similarly determined (Table TIT). 


Table III. 



Sodium vanadate (meta) 

Silicotungstie acid 

Ammonium phospho-18- 



(0-2 g.). 

(0-3 g.)- 

tungstate (0*3 g.). 


Blood sugar in 

Blood sugar in 

Blood sugar m 


mg. 

per 100 ml. 

_A_ 

mg. per 100 ml. 

A 

mg. 

per 100 ml. 




i > 

Initial 3 hr. 5 hr. 

Initial 


Rabbits* 

Initial 

3 hr. 5 hr. 

3 hr. 5 hr. 

I 

95 

80 77 


- 


11 

91 

74 69 

- - 



VII 

100 

74 74 

- 

- 


VIII 

91 

67 

.. 



V 

— 

— — 

— 

102 

74 77 

VI 

— 

— 

83 71 67 

95 

67 67 

IX 


— 

87 77 71 

87 

83 71 

X 

— 

— — 

111 74 77 

— 

- 



* The same rabbits as in Tables I and II. 



As a 

control test the rabbits were given 5 ml. of distilled water each by 


stomach tube. There was in this case only insignificant variation in blood sugar 
level (after 3 and 5 hours). In some rabbits there was rather a slight rise of 
blood sugar. 

Diuretic action . While studying the hypoglycaemic effects of the substances 
it was observed that the rabbits micturated rather more frequently. The hypo¬ 
glycaemic and diuretic effects by mouth of 0*9 g. of phosphotungstic acid in 
30 ml. of distilled water were also determined in 4 diabetic patients. The material 
was administered by mouth to the fasting patient in the morning. The initial 
fasting blood sugar before administration of the material and blood sugar 3 hours 
after administration of material were estimated. The patients were also given 
the same dose of phosphotungstic acid (0*9 g. in 30 ml. of distilled water) in the 
evening and the diuretic effect was determined by measuring the 24 hours’ urine 
volume before and after administration of material. The hypoglycaemic effect of 
0*9 g. phosphotungstic acid by mouth in diabetics compared with that of 5*0 
units of insulin given subcutaneously and the diuretic effect of 0*ftg, phospho¬ 
tungstic acid given by mouth morning and evening are shown in Table IV. 



ACTIONS OF PHOSPHOTUNGSTIC ACID, ETC. 


1585 


Table TV. 

0*9 g. of phosphotungstic acid by 
5-0 units of insulin mouth (morning and evening) 

subcutaneously. ,- A -* 

Blood sugar in Blood sugar in 

mg. per 100 ml. mg. per 100 ml. Urine volume 
f -‘- f --- s in litres 


Diabetic 

patients* 

Ago 

Sex 

Wt. 

kg- 

Initial 
(7 A.M.) 

3 hr. 

Initial 
(7 a.m.) 

3 hr. 

Before 

After 

A 

42 

M 

37-4 

286 

J82 

286 

200 

1-94 

2 46 

D 

40 

M 

510 

220 

67 

182 

87 

1-51 

2-22 

R 

50 

M 

52-0 

268 

133 

250 

160 

1-90 

2*62 

M 

45 

M 

42*4 

167 

65 

191 

95 

1-68 

2-10 


* Breakfast given after 10 a.m. 


Oxidizing action. Tt was found from experiments that these substances acted 
like oxidizing enzymes. Crystals of phosphomolybdic acid (about 0*1 g.) when 
dropped into a test-tube containing about 5 ml. of a solution of benzidine in 
acetic add gave a blue colour to the solution even without addition of hydrogen 
peroxide. On addition of hydrogen peroxide the blue colour became deeper with 
evolution of oxygen. Crystals of phosphomolybdic acid (about 0-1 g.) when 
dropped into a test-tube containing about oral, of “Merckozone" (Merck’s 
hydrogen jicroxido) caused evolution of oxygen. 

With the benzidine reagent phosphomolybdic acid alone gave a definite 
positive reaction. With reduced alkaline phenolphthalein reagent [Johannessen, 
1921; Stammers, 1926], however, phosphotungstic acid, silicotungstie acid, 
sodium tungstate, ammonium phospho-18-tungstate, phosphomolybdic acid, 
motybdic acid, ammonium molybdate, sodium vanadate in about 0*05 g. amounts 
all gave positive reactions (red colour). 

Discussion. 

From the experiments it is evident that phosphotungstic acid, phospho- 
molybdie acid and many allied substances have definite? effects on metabolism 
when administered internally in sufficient amounts. Vanadates also appear to 
have similar effects. When compared with insulin the hypogiveaemia given by 
those substances apparently runs a more prolonged course. These substances also 
act like oxidizing enzymes and the association of oxidizing action with hypo- 
glycaemio action in the same substance suggests that the hypoglycaemia is 
perhaps due to oxidation of sugar in the tissues. Some of the substances were 
found to have diuretic actions also. These substances (vanadates excepted) were 
not found to have any toxic effect in the doses administered. 

Summary^. 

1. Phosphotungstic acid, phosphomolybdic acid and many allied sub¬ 
stances (also vanadates) cause hypoglycaemia when administered by mouth in 
proper amounts (about 0*3 g. in rabbits). 

2. These substances also act like oxidizing enzymes. 

3. Some of these substances (e.g. phosphotungstic acid) have diuretic actions 
as well. 
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CCXXIV. AN APPARATUS FOR DISTILLATION. 

By HERBERT ISAAC COOMBS. 

The Queen's Hospital , Birmingham . 

(Received 2 July 1936.) 

An excellent means of distilling water and concentrated acids is afforded by the 
apparatus shown in the accompanying diagram. 

The apparatus is constructed of pyrex glass throughout . A two-litre flat- 
bottomed flask, having a neck provided with a ground glass joint of standard size, 
is fitted with a still head of the pattern shown. Part of the latter is sloped in such 
a way as to ensure return to the flask of any spray which might possibly pass the 
trap. In actual practice, however, water, hydrochloric and nitric acids boil so 
evenly and gently in the large flask that there seems no possibility of any spray 
reaching the distillate. The other end of the still head slips into the condenser, 
and the cowl, which is part of the still head, is a protection against dust. No 
ground glass joint is necessary at this point, and this gives “flexibility” to the 
apparatus, so that the only support required is the tripod to carry the flask and a 
retort stand to hold the condenser. This “flexibility” also enables the apparatus 
to be assembled or dismantled in a few seconds without risk of fracture. 



The condenser contains six bulbs. The upper two constrictions between the 
bulbs should be wide enough to allow the insertion of the tube of the still head 
to the distance shown, but the lower constrictions should be somewhat narrower 
to ensure the efficient condensation of the distillate. There is no tendency for the 
vapour to pass upwards. The product of the distillation may conveniently be 
collected in litre pyrex flasks of the form illustrated, and these should be provided 
with standard size external fitting caps as shown. 
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The apparatus herein described has been in use for a considerable time, being 
mainly employed for the distillation of water to be used for the preparation of 
colloidal gold solutions suitable for Lange tests, and has given excellent results 
with the minimum of trouble. The apparatus is also well suited for the prepara¬ 
tion of nitric acid free from chlorides or metals, and the acid may be distilled as 
easily as water. Another use for the apparatus is the distillation of strong hydro¬ 
chloric acid for the preparation of standard solutions [Peters & Van Slyke, 1932]. 
This excellent method of preparing standard acid of high accuracy is not widely 
used because of the difficulty of distilling such strong acids as 20 % hydrochloric. 
With the above apparatus, however, the preparation of standard acid is facilitated. 

The apparatus may be purchased from R. B. Turner and Co., 9-11 Eagle 
Street, London, W.C. 1, or from Quickfit and Quartz Co. Ltd., Albemarle Street, 
London, W. 1. 
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CCXXV. STUDIES OF THE HAEMOGLOBIN 
AND IRON OF THE BLOOD. 

I. THE DETERMINATION OF THE 
TOTAL IRON OF BLOOD. 

By HERBERT ISAAC COOMBS. 

From the Queen's Hospital , Birmingham . 

(Received 2 July 1936.) 

Methods for the determination of the total iron content of blood have been the 
subject of very active investigation for many decades and the great advances in 
knowledge of all forms of anaemia during the past ten years have greatly stimu¬ 
lated these researches. 

Gravimetric methods were evolved more than a century ago and gave good 
results, but they necessitated the use of large volumes of blood of the order of 
100-200 ml. Attention was therefore turned to titrimetric methods in which the 
iron content of ash obtained by incinerating blood was estimated by titration 
against potassium permanganate, titanous solutions, or thiosulphate after the 
addition of potassium iodide. 

About forty years ago the advantages of colorimetric methods were being 
realized. It was found that the iron of the ash of blood could be estimated by 
examination of the Prussian Blue colour developed when ferrocyanides are added, 
or of the red colour formed on the addition of thiocyanates, under suitable con¬ 
ditions, to the ash. The latter colour reaction has formed the basis of almost all 
the work of the past thirty or forty years, but many workers have thought that it 
does not give correct results, especially with regard to tissues rich in phosphorus. 

Bogniard & Whipple [1932], Klumpp [1934], Horwitt 11934] and others 
have therefore revived methods using titanous salts to estimate, by titration, the 
iron content of ashed material, but the shortcomings of these methods have been 
pointed out by them and others. Titanous salts react not only with iron salts 
but also with those of copper, tin, platinum and mercury, so that results in the 
presence of any of these other elements will give too high a value for the iroti 
content. Moreover, when the end-point is determined eolorimetrically, the 
presence of phosphates tends to obscure this point. The chief difficulty, however, 
is the necessity of preserving the titanous solution under carbon dioxide, 
hydrogen, or some other inert gas and of carrying out the titration in an inert 
atmosphere. In addition, the solutions must be frequently standardized. 

Efforts have recently been made to devise, with other reagents, colorimetric 
methods free from the disadvantages of the thiocyanate reaction. Burmester 
[1935] and Tompsett [1934] have used thiolacetic acid. 

Hill [1931] has shown that dipyridyl, in the presenoe of small quantities of 
iron, gives an extremely stable pink colour which is not affected by a wide 
variation in conditions. This marked specificity for iron, together with other 
useful properties, has quickly given dipyridyl a definite place in iron analysis 
and several workers have adapted it for various purposes. Elvehjem et al . [1933] 
have used it for estimating the “ available ” iron of wheat, yeast etc., as have also 
Shackleton & McCanoe [1936]; Engel [1934] has employed it in determining the 
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iron in the enamel of teeth, and Cooper [1935] for the iron in the sea and in 
marine plankton. 

This communication describes a method of estimating the total iron content 
of blood by the use of dipyridyl. 

Reagents. 

1. Approximately 50°j 0 sulphuric acid. Dilute a convenient quantity of con¬ 
centrated sulphuric acid to twice its volume with distilled water. It is often not 
necessary to distil the strong sulphuric acid because so little of the reagent is 
used for each estimation and most a.r. samples show only the slightest traces of 
iron. For the purposes of this paper, however, all sulphuric acid was distilled. 

2. Concentrated nitric acid. As this acid is used in greater quantity it should 
be distilled. 

3. Approximately 40°j Q solution of sodium acetate. Sodium acetate is parti¬ 
cularly easy to recrvstallize and can readily be obtained free from iron. Prepare 
a 40% solution of CH 3 C()ONa, 3H a O with distilled water. 

4. Approximately 25°; 0 solution of glucose. Most samples of glucose are quite 
free from iron. Prepare a 25% solution in distilled water. 

5. Dipyridyl reagent. Dissolve 0*488 g. of dipyridyl in 6 ml. of N hydro¬ 
chloric acid and make up to 100 ml. with distilled water. 

8. Standard iron solution. Dissolve 0*350 g. of ferrous ammonium sulphate in 
distilled water containing a few drops of sulphuric acid and make up to 100 ml. in 
a standard flask. The solution contains 50 mg. of iron per 100 ml. 

B.D.H.’s a.k. reagents were used throughout. With glass-distilled water and 
the above reagents, iron in the blanks should he negligible. 

Method. 

Measure exactly 0*1 ml. of blood into a pvrex tube which has a mark at the 
10 ml. level. The pipette should be washed carefully with the minimum of water. 
Add 0*2 ml. of 50% sulphuric acid and about 10 drops of concentrated nitric 
acid. Heat carefully, w ith constant agitation, over a micro-burner until charring 
begins. Cool and add more nitric acid, repeating these operations until no 
further charring occurs. Boil off the excess of nitric acid. The residual drop of 
sulphuric* acid usually contains a white precipitate which is probably anhydrous 
ferric sulphate. Add about 0*5 ml. of water and warm to dissolve this precipitate. 
Add 0*3 ml. of dipyridyl reagent, followed by 1 ml. of glucose solution. Mix w T eli 
by shaking and add 5 ml. of sodium acetate solution. Heat in a boiling water 
bath for 5 min, for full colour development. Cool and make up to the 10 ml. mark 
with distilled water. 

The standard is prepared in exactly the same way except that 0*1 ml. of the 
standard iron solution (or 1 ml. of a standard diluted ten times) is used in place 
of the blood. 

Compare in a colorimeter with the standard preferably at 25 mm. If C is the 

reading for the unknown and S the reading for the standard, then — mg. 
of iron per 100 ml. of blood. 

Discussion. 

Apparatus. Small colorimeter cups are now' almost universally used and if 
these are available the entire analysis should be carried out in pyrex test-tubes 
150 mm. x 10 to 12 mm, diameter. These should be accurately marked at 10 ml. 
If more fluid is required for the colorimeter cups slightly larger tubes should be 
used and these should be marked at 12 or 15 ml. Tubes should be of as small 
diameter as convenient in order to obtain as great a length as possible and also to 
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ensure that the minimum amount of sulphuric acid is required to cover the 
bottom after incineration is complete. Pipettes should be of the wash-out type 
and should be accurately calibrated with mercury. 

Incineration . Wet ashing is much more convenient than dry ashing. The 
latter takes a longer time and requires moro elaborate apparatus; there is danger 
of loss of iron by volatilization and the iron and phosphates often tend to be in a 
more refractory form after ashing. With wet ashing all these difficulties are 
avoided but some care is necessary to prevent loss by sputtering. With ordinary 
care, however, this does not occur. Nitric acid was preferred to other oxidizing 
agents because it can easily be distilled and obtained free from iron [cf. Fow- 
weather, 1934]. Excess of the reagent can be removed by boiling. 

Buffering action of sodium acetate. The buffer used is ample to maintain the 
final pH well within the limits 5*0-5*5, even when two or three times the stated 
quantity of sulphuric acid is used. 

Reduction of iron by glucose. Glucose was selected as the best reducing agent 
after many others had been tried. Sodium sulphite and sodium hydrosulphite 
are difficult to purify and are unstable in solution. Sulphur dioxide is readily 
available and is not subject to contamination with iron. All three of these 
materials, however, make the adjustment of pH difficult. Glucose on the other 
hand is easily obtained in a state free from iron and strong solutions keep well. 
It also has the advantage of not affecting the pH. Although glucose reduces 
ferric iron only slowly at 100° and pH 5-0, the presence* of dipyridyl hastens the 
reaction so that it is completed in a very short time. 

Colour production. Not less than 0-3 mi. of dipyridyl should be used. This is 
sufficient to promote colour formation under the experimental conditions, pro¬ 
vided that the iron content of the blood does not exceed 75 mg. per 100 ml.—a value 
which is rarely encountered in practice. The colour attains its maximum in¬ 
tensity very quickly at the temperature of the water-bath and suffers no change 
if maintained at this temperature for an hour, or if kept at room temperature 
for as long as 24 hours. The addition of copper salts or of phosphates to the 
blood to be analysed in no way affects the values obtained for the iron content 
when estimated by this method. 

The colour is not difficult to match using a daylight screen but the definition 
can be markedly improved by including a bluish-green light filter (which can be 
bought from any glazier for a few pence) in the lighting system. 

Quantity of blood used. Normally, human blood contains approximately 
50 mg. of iron per 100 ml., and 01 mi. is ample for the estimation. If the blood 
is markedly anaemic twice this volume should be taken. The method can also be 
adapted for larger quantities of blood if these are available. 


Results. 

Some hundreds of analyses have been carried out and the reliability of the 
method has been checked in several ways, always with good results. Recovery 
of added iron from blood was excellent and some typical results are given below. 


Estimated Fe con¬ 
tent of blood 
mg. per 100 ml. 
376 
396 
53-9 
49-2 
500 


Estimated Fe content 
of blood after addition 
of 25mg. Feper 100ml. 
mg. per 100 mi. 

625 

648 

78-3 

74*8 

74-7 


Difference 

24*9 

25*2 

24*4 

25*6 

24*7 
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Summary. 

A micro-method for determining the total iron content of 0*1 ml. of blood, 
using dipyridyl, is described. 

The author wishes to express his thanks to Dr C. H. Gatlin and Mr D. T. Lewis 
for help with the analytical work. 
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CCXXVI. HEXOSEPHOSPHATE METABOLISM 
OF TUMOUR EXTRACTS 


By COLIN ASHLEY MAWSON. 

From the John Burford Garlill Laboratories , Westminster Hospital 
Medical School, London , S. W. 1 . 

(Received 18 July 1936.) 

The investigation of the glycolytic mechanism of tumour tissue would be simpli¬ 
fied if it were possible to obtain cell-free tissue extracts with properties of glyco¬ 
lysis analogous to those of the muscle extracts first described by Meyerhof. 
Barr et al. [1928], Warburg [1930], Boyland & Mawson [1934] and others all 
found, however, that injury to malignant tissue was accompanied by reduction of 
its power of glycolysis and that cell-free extracts were practically inactive. The 
substrate used in these experiments has generally been glucose, but equal lack 
of success has attended most attempts to obtain lactic acid from hexose- 
phosphates by the use of tumour slices or of preparations subjected to various 
degrees of cell destruction. Downes [1929] observed that rat tumours would 
produce lactic acid from hexosephosphate at about half the rate at wliich they 
produced it from glucose, but Boyland & Mawson [1934], using hoxosemono- 
phosphate and Jensen rat sarcoma slices, obtained iaotie acid at only about 1/6 
the rate of formation from glucose. Results of this kind have led to a belief that 
the series of events in tumour glycolysis is entirely different from that observed 
in muscle, and doubt exists that phosphorus compounds play any part in tumour 
metabolism. 

Boyland & Boyland [1935, 1] obtained extracts from mouse sarcomas which, 
after dialysis for one hour, would produce small amounts of lactic acid from 
hexosediphosphate, but on addition of adenylpyrophosphate the yield was 
greatly increased until it was about 1/4 of the amount produced by tissue slices 
in glucose. They suggested that previous failures to demonstrate glycolytic 
activity in tumour extracts might be due to rapid destruction of the coenzyme 
by the powerful nucleosidase known to occur in tumour tissue [Boyland & 
Boyland, 1935, 2]. It is noteworthy that none of the extracts used by these 
authors would produce lactic acid from glucose. 

Scharles et al. [1935, 1, 2] have also described an extract of mouse sarcoma 
which would produce lactic acid from hexose-diphospliate and -monophosphate, 
but not from glycogen or glucose, but it differed from that of Boyland & Boyland in 
the fact that its activity did not depend on the presence of adenylpyrophosphate. 
The maximum rate of production of lactic acid occurred at a temperature of 
50-55° and its activity was not affected by dialysis at 10° for 36 hours. The 
present paper is concerned with an investigation of the properties of extracts 
similar to those described by Scharles et al. 

Experimental. 

Transplantable mouse tumours have been used which have been recorded in 
the tables as follows: 

C=carcinoma C63. E = Ehrlich carcinoma. L=sarcoma L.M. 154. S = 
Vienna sarcoma. 

The sarcoma L.M. 154 was originally produced by Barry & Cook [1934] by 
injection of 5:6-cyclopenteno-1:2-benzanthracene. 
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Extracts and suspensions have been made with non-necrotic* material in sterile Ringer solution, 
and incubations have been carried out in presence of Jf/30 phosphate, the p\l after additions 
being 7*0-7-5. Incubations were done in presence of toluene in stoppered 3| x j in. tubes, and 
protein was precipitated with trichloroacetic acid. 

Lactic acid was estimated by the method of Lohmann [1928] and alkaline precipitation of 
carbohydrate was avoided [Boyland & Boy land, 1935, lj. Solutions were always distilled for 
10 min. before the condensers were fitted in order to drive off volatile products. In order to prevent 
errors duo to the fading which results from the presence of carbohydrate, the end-point used was 
persistence of blue colour for 30 sec. instead of 00 sec*., and excess of -Y/10 iodine was added during 
the preliminary titration and removed with a drop of bisulphite. Yields of lactic acid have been 
expressed throughout as mg. lactic acid produced in one hour by an amount of extract or suspension 
derived from 1 g. of tissue. 

Lactic acid from tumour all suspensions. 

Preliminary experiments with minced tumour tissue and with suspensions of 
tumour cells made by grinding the mineed tissue with Ringer solution and 
filtering through a fine wire mesh, showed that lactic acid was produced from 
hexosediphosphate in considerable amount at an optimum temjx*rature of 50- 
55 r . A series of ex fieri men ts was then carried out with cell suspensions to see 
whether the addition of glutathione would influence the yield of lactic acid at 
38^ or 52 J , using glucose and hexosediphosphate as substrates. The results are 
given in Table l. (It should be noted that the mean values apjieuring in all 

Table I. Influence of glutathione on lactic acid production of 
tumour cell suspensions. 

1*0 ml. suspension, 1*2 ml. additions, 00 mg. glucose or hexosediphosphate, 1 mg. 
glutathione, incubated I hr. 
mg. lactic acid per g. tissue per hr. 

38 52" 38 J 52' 




Glut-one 


Glucose + 


Hdp - 

' 

Hdp-*- 

Tumour 

Glut-one 

GSH 

Glucose 

GSH 

Hdp 

GSH 

Hdp 

GSH 

E 

000 

001 

0*00 

0*19 

042 

0*75 

1*94 

2*43 

8* 

002 

0*00 

0*00 

000 

0*30 

0*00 

0*27 

2*07 

S 

0*11 

0-00 

0*00 

001 

0*12 

0*07 

0*31 

0*85 

8 

013 

0*04 

000 

0*00 

0*15 

0*13 

0*60 

0*71 

S 

0*00 

0*04 

0*00 

0*15 

0*00 

0*13 

0*41 

064 

Mean 

0*05 

002 

0*00 

0*07 

0*20 

0*23 

0*71 

1*34 

♦ 2*5 

g. tumour. 

11 *5 nil. Itinger. 

Incubated 2 

hours. 

GSH -- glutathione. Hdp 

— hexane* 


diphosphate. 


the tables are given only for convenience in comparison of results and are not 
necessarily significant in themselves.) Very little lactic? acid arises from glucose 
at 38° or 52°, and addition of glutathione does not increase* this yield. The small 
yield of lactic acid from hexosediphosphate at 38 D is not increased by addition of 
glutathione, but at 52° there is a considerably greater yield of lact ic acid which is 
definitely increased by addition of glutathione. The variation in activity of the 
cell suspensions made the results statistically unsatisfactory, so the work was 
repeated using cell-free extracts and hexosediphosphate. It was not considered 
necessary to repeat the experiments using glucose as substrate. 

Lactic acid from tumour extracts . 

Extracts were prepared at 20-25° by mincing 4 g. tumour, grinding into a 
fine brei and adding 10 ml. of Ringer solution. The mixture was very thoroughly 
ground and centrifuged twice for 10 min. at 3500 r.p.m. Such extracts usually 
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contained about 0*07 mg. glutathione per ml. Table II shows that at 38° 
addition of glutathione caused an apparent decrease in the yield of lactic acid, 
but the amounts determined were too small for confidence to be placed in the 
significance of this observation. At 52°, however, the amount of lactic acid 
produced after addition of glutathione was always greater than with hexose¬ 
diphosphate and extract alone. These results suggested that glutathione was 
acting as coenzyme in the reaction, and the hypothesis was adopted that a 
glyoxalase was involved in the system. 

Table II. Influence of glutathione, on lactic acid production of 
tumour extracts. 

1*0 ml. extract. 1*2 ml. additions. 6 0 mg. hexosediphosphate. 1*0 mg. 
glutathione. Incubated 1 hour. 


mg. lactic acid per g. tissue per hr. 




38° 


52° 



Hexosedi¬ 


Hexosedi¬ 


Hexosedi¬ 

phosphate + 

Hexosedi¬ 

phosphate 

Tumour 

phosphate 

GSH 

phosphate 

GSH 

S 

0*36 

Oil 

0*78 

0*99 

E 

0*24 

0*03 

103 

1*51 

£ 

0*61 

0*50 

1*52 

2-36 

E 

000 

0-00 

0-88 

1*78 

E 

0*27 

0*00 

0*55 

1*17 

Mean 

0-20 

013 

0*95 

1*56 


Effects of “ antiglyoxalase ”. 

Woodward et al. [1935] have shown that rat kidney contains a substance 
which can act as a powerful antiglyoxalase, and experiments were therefore 
carried out to determine whether such a preparation would prevent the forma¬ 
tion of lactic acid from hexosediphosphate at 52°. Mouse kidneys were cut into 
small pieces and dropped into 20 volumes of acetone, which was replaced after 
10 min. by fresh acetone. After a further 10 min. the kidney was washed with 
ether and left to dry in the refrigerator overnight. It was then ground into a fine 
powder. Extracts of this material were made by grinding 100 mg. of powder 
with 1-0 ml. water and centrifuging twice. It was found (Table III) that addition 

Table III. Influence of kidney antiglyoxalase on lactic acid 
production of tumour extracts . 

1-0 ml. extract. 1*2 ml. additions. 6*0 mg. hexosediphosphate. 0*2 ml. antiglyoxalase. 
Incubated 1 hr. at 52°. 


mg. 

lactic acid per g. tissue per hr. 

Tumour 

Hexosedi¬ 

phosphate 

Hexosediphosphate 

antiglyoxalase 

C 

1*03 

016 

E 

107 

0*40 

L 

1*60 

0*49 

C 

0*36 

0*00 

C 

0*98 

0*43 

E 

M2 

0*23 

Mean 

1*03 

0*29 


of this antiglyoxalase preparation caused a considerable decrease in the amount 
of lactic acid produced from hexosediphosphate and tumour extract at 52°. The 
yield obtained was, in fact, about what would have been expected at 38 ° in 
absence of antiglyoxalase (Table II). 
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Dialysed extracts. 

Scharles et al . [1935, 1] stated that the glycolytic activity of their extracts 
was not reduced by dialysis in cellophane sacs for 36 hours at 10°. The results 
just described, however, pointed so definitely to the significance of glutathione 
that a series of dialysis experiments was carried out. Thin sacs were made of 
B.D.H. collodion “Special for preparing permeable membranes’' in 4 x J in. 
tubes. Dialysis was carried out in Ringer solution at 7°, 1*2 litres of Ringer 
being used for each ml. of extract. During dialysis a parallel sample of extract 
was kept at 7° in a glass tube and in each experiment dialysed and undialysed 
extracts were investigated simultaneously. 

Contrary to the observation of Scharles et al. it was found (Table IV) that the 
glycolytic activity of the extract was very much reduced by dialysis. The un¬ 
dialysed extract, kept at the same temperature for the same length of time. 

Table IV. Influence of dialysis and addition of glutathione on 
lactic acid production of tumour extracts . 

1*0 nil. extract. 1-2 ml. additions. 6*0 mg. hexoacdiphoaphate. Incubated 1 hr. at 52*. 
mg. lactic acid per g. tissue per hr. 

Uiulialysed Dialysed 



Without 

'-v 

Without 

'~~ A - 

Time of 
<lialy*ia 

Tumour 

GSH 

With GSH 

GSH 

With GSH 

hr. 

E 

0-37 

0-75 (1-3)* 

O09 

0-65 (1-3)* 

26 

L 

0-82 

1 30 (1-5) 

005 

0-70(1*5) 

20 

L 

0-73 

117 (2 0) 

001 

1-22 (2-0) 

68 

L 

126 

1 44 (3‘U) 

0-43 

1-66 (3-0) 

24 

E 

M2 

1-42 (3 0) 

Oil 

1-08 (3-0) 

48 

Mean 

0-86 

1 22 

0-14 

1-06 



* Figures in brackets represent mg. glutathione added. 


retained much of its original glycolytic power. In one experiment, for example, 
the fresh extract produced 1-60 mg. lactic acid per g. tissue per hour and after 
keeping for 24 hr. at 7° the yield was 1*26 mg. 'g./hr. in spite of the fact that the 
extract had been diluted 14% to compensate for the liquid taken up by the 
dialysed extract. The latter only produced 0*43 mg./g./hr. The addition of 
glutathione to dialysed extracts always caused a large increase in their lactic 
acid production, and although this did not always reach the level attained by the 
undialysed extract plus glutathione there seems to be little doubt that the loss 
of glycolytic activity observed after dialysis is due to the disappearance of 
glutathione. 

Discussion. 

The normal source of lactic acid in the tumour cell is probably glucose. 
Tumour slices will produce lactic acid from glucose at a very high rate, but 
damage to the tissue cells destroys their glycolytic power to such an extent that 
suspensions of cells are quite inactive. If the loss of activity were strictly 
proportional to the degree of breakdown of cell structure this result w r ould hardly 
be anticipated, for the suspensions used in this work (Table I) contained about 
10 6 apparently undamaged cells per ml., and though they often gave no lactic 
acid at all with glucose they were capable of producing tumours. Boyland & 
Boyland [1935, 1] were able to obtain lactic acid from hexosediphosphate and 
tumour extracts on addition of adenylpyrophosphate, but no lactic acid could be 
obtained with glucose. If we assume that hexosediphosphate is a normal meta¬ 
bolic product of tumour, destruction of cells must damage the enzyme system 
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at some point before the production of hexosediphosphate as well as causing 
decomposition of adenylpyrophosphate, and in tumour suspensions this damage 
extends to cells which remain histologically intact. It has, however, been shown 
that adenylpyrophosphate is not necessary for the conversion of hexosediphos¬ 
phate into lactic acid by tumour extracts, but for this reaction to take place in 
the absence of the muscle coenzyme it is necessary for the temperature to be 
comparatively high and glutathione must bo present. Even under these condi¬ 
tions no lactic acid is produced from glucose. 

Meyerhof [1933] has dismissed methylglyoxal as of no importance in muscle 
glycolysis. It has no place in the Embden-Meyerhof scheme and Lohmann [1932] 
has shown that lactic acid production by muscle extract can take place in absence 
of glutathione, the coenzyme of glyoxalasc. However Gaddie & Stewart [1935] 
have reopened this question with the observation that addition of glutathione 
to dialysed muscle extract containing magnesium ions docs lead to considerable 
lactic acid production from glycogen, and add the interesting observation that 
glutathione appears to stimulate the production of methylglyoxal as well as to 
aid in its conversion into lactic acid. It seems, in fact, that production of methyl¬ 
glyoxal from glycogen or glucose may be conditioned by the possibility of its 
rapid disappearance, for Tocnniessen & Fischer [1926] found that methylglyoxal 
was produced from hexosediphosphate, but not from glucose or glycogen, in 
presence of muscle brei and pancreatic antiglyoxalase. In the case of tumour 
tissue no analogy can be found at 38° with the observations of Gaddie & Stewart, 
but at 52°, using hexosediphosphate as substrate', the resemblance is very close. 
It is known [Lohmann, 1932] that glyoxalasc is very stable to beat and it may 
be that some change of a non-enzymie nature takes place at 52° as a stage be¬ 
tween hexosediphosphate and methylglyoxal which is a necessary step in 
tumour metabolism but which can be achieved by ail enzymic process at 38° 
with muscle extracts. It is difficult to imagine an enzyme of mammalian tissue 
which would be active at 52° and inactive at 38°. 

The observation of Scharles et al. [1935, 1] that no methylglyoxal is detect¬ 
able among the end-products of the action of tumour extracts on hexosediphos¬ 
phate at 52° is doubtless due to the fact that it is decomposed as soon as it is 
formed, but it is more difficult to explain their failure to observe any decrease 
of activity in their extracts after dialysis. In the present work every dialysed 
extract has shown greatly decreased glycolytic power, which has invariably been 
increased on addition of glutathione. This observation, together with the fact that 
kidney antiglyoxalase reduces the production of lactic acid from hexosediphos¬ 
phate at 52° to about the level observed at 38° in absence of added glutathione, 
leaves no doubt that the extra glycolysis observed at the higher temperature is 
due to a system, involving glutathione as coenzyme, which is probably a 
glyoxalasc. 

In a comparison of the glycolytic properties of muscle and tumour extracts 
the following points are of importance: 

(1) Muscle extract will form lactic acid from carbohydrate or hexosephosphate 
in presence of adenylpyrophosphate at 38°, but tumour extract will only utilize 
hexosephosphate for this purpose. 

(2) Muscle extract will form lactic acid from carbohydrate in the presence 
of glutathione and magnesium at 38°, but tumour will not utilize either carbo¬ 
hydrate or hexosediphosphate at this temperature in the absence of adenylpyro- 
pbosphatc. 

(3) Tumour extract will form lactic acid from hexosediphosphate in the 
absence of adenylpyrophosphate at 52°, but only in the presence of glutathione. 
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Two distinct differences can now be detected in the glycolytic system of 
tumour extract as compared with that of muscle. Firstly, hexosediphosphate 
cannot be produced from carbohydrate. If it could, lactic acid could be produced 
from glucose at 38° on addition of adenylpyrophosphate and also at 52° on addi¬ 
tion of glutathione. Secondly, lactic acid cannot be produced by tumour extract 
at 38° from hexosediphosphate even on addition of glutathione. The latter defect 
can be remedied by addition of adenylpyrophosphate It is unlikely that the 
destruction of this compound by nucleosidase is the whole reason for the differ¬ 
ence because presumably muscle extract can form lactic acid from hexose¬ 
diphosphate as well as from glycogen on addition of glutathione and magnesium. 
An enzyme capable of carrying out the reaction is certainly present in tumour 
extract because lactic acid is produced from hexosephosphate at 52° if glutathione 
is present, and the link in the chain which is absent seems to be the capacity to 
convert hexosediphosphate into methylglyoxal at 38°. 

Summary. 

1. Lactic acid is not produced from glucose by mouse tumour cell suspensions 
at 38° or 52 \ with or without addition of glutathione. 

2. Only small amounts of lactic acid are produced by tumour cell suspensions 
or extracts from hexosediphosphate at 38and these are not increased by addi¬ 
tion of glutathione. 

3. At 52° tumour cell suspensions and extracts produce considerable amounts 
of lactic acid from hexosediphosphate, and these yields are greatly increased by 
addition of glutathione. 

4. Dialysed tumour extracts produce very little lactic acid from hexose¬ 
diphosphate at 52 hut their glycolytic activity is restored by addition of 
glutathione. 

5. The lactic acid production of tumour extracts at 52°, with hexosediphos¬ 
phate as substrate, is greatly reduced by addition of kidney antiglyoxalase. 

9. The contrast between the glycolytic systems of extracts of muscle and 
tumour is discussed. 

Grateful acknowledgment is made to Prof. E. L. Kennaway, for the gift of 
mice bearing *he sarcoma L.M. 154. 
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CCXXVII. SYNTHESIS OF PEPTIDES CONTAINING 
CYSTINE AND GLUTAMINE, WITH REMARKS 
ON THEIR POSSIBLE BEARING ON THE STRUC¬ 
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NITROGEN OF INSULIN. 
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(From the Department of Pathological Chemistry, University College Hospital 

Medical School , London .) 

(Received 22 July 1936.) 

Whilst it is universally accepted that insulin, as isolated from the pancreas, is a 
protein, the possibility is not yet excluded that this protein may owe its physio¬ 
logical activity to a specific grouping. The suggestion was made by Harington 4; 
Scott [1929] that an analogy might exist between insulin and thyroglobulin 
which is physiologically active by virtue of its content of thyroxine, although it 
was recognized by these authors that the separation of the active constituent 
from the whole protein which can be effected in the ease of thyroglobulin might 
prove quite impracticable in that of insulin. 

All attempts which have been made to separate an active substance of low 
molecular weight from insulin have in fact proved fruitless, since the mildest 
degradation of the molecule, by proteolytic enzymes or by other methods, has 
invariably resulted in total loss of physiological activity. In spite of these failures, 
however, the impression that insulin does indeed jwjsscss an active ‘‘prosthetic” 
group has persisted and the evidence bearing on such an assumption has been 
summarized by Jensen & Evans [1934]. 

From the numerous experiments which have been made on the physiological 
inactivation of insulin by treatment with mild hydrolytic agents two main con¬ 
clusions have emerged: (1) a significant proportion of the nitrogen of insulin is 
liberated as ammonia under conditions which suggest that it occurs in the protein 
as a labile amide and such loss of ammonia involves loss of activity; (2) the 
sulphur of insulin is very labile towards alkali and treatment with alkali 
sufficient to cause elimination of even a part of the sulphur also inactivates 
insulin. Lability of amide nitrogen in proteins is generally associated with the 
occurrence therein of glutamine and the sulphur of cystine is well known to 
become highly labile when the amino-acid occurs in certain types of peptide 
linkage. It is known from other sources that insulin yields on hydrolysis a large 
proportion both of glutamic acid and cystine, and Jensen & Evans [1934] were 
thus led to suggest that the hypothetical active group of insulin might contain 
cystine and glutamine in peptide linkage with one another. 

Until quite recently it has been impossible to prepare peptides containing 
cystine and glutamine; within the last two or three years, however, methods have 
become available [Bergmann & Zervas, 1932; Bergmann et al. , 1933; du Vigneaud 
etal., 1930 ; Sifferd & du Vigneaud, 1935; Harington & Mead, 1935] which offered 
some prospect of success and it was therefore considered worth while to attempt 
the synthesis of cysteylglutamine and glutaminylcysteinc in order to subject the 
suggestion of Jensen & Evans to direct test. 

( 1598 ) 
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Whilst it was recognized that the possibility that either of these simple com¬ 
pounds would itself exhibit hypoglycaemic activity was remote it was hoped that 
a study of their respective chemical behaviours in relation to that of insulin 
might afford definite evidence in favour of or against the occurrence of a similar 
grouping in the hormone. 

Synthetical experimerits. 

The syntheses, which follow accepted lines and are briefly described below, 
call for no detailed comment. Two general points in connection with them may 
however be mentioned. The first concerns the preparation of cystine derivatives 
and the second the use of benzyl esters in peptide synthesis. It was found while 
this work was in progress that even the simpler derivatives of cystine are very 
difficult to crystallize. Two crystalline compounds of this amino-acid are de¬ 
scried in the appendix to the experimental section but these were but two 
successes among many failures. When the syntheses of cystylglutamine and 
glutaminylcystine were first undertaken, the route chosen passed through a series 
of cystine compounds and although both peptides were eventually obtained as 
crystals in their reduced forms, no success attended many attempts to crystallize 
several of the intermediates. When, however, cysteine derivatives were sub¬ 
stituted for those of cystine no difficulties were encountered. It was necessary at 
times to protect the sulphydryl group and here the use of benzyl derivatives, 
which has been introduced by du Vigneaud, was found to be very satisfactory. 

It will be recalled that the method of peptide synthesis devised by Bergmann 
& Zervas [19321 depends upon the removal o f A - beiizv 1 ear fx my 1- and of O-benzyl- 
groups by means of a reduction process. It was observed during the present work 
that removal of a benzyl ester group by reduction with phosphonium iodide pro¬ 
ceeds very much more slowly than the removal of an AM>enzyIcarbonyl-group 
under identical conditions. One experiment with an S- benzyl-compound indi¬ 
cated that removal of this group probably proceeds more slowly still. These 
differences in ease of reduction may lx* of use in synthetic work. An example 
occurs in the preparation of cysteine Ixmzyl ester hydroiodide (p 1605). 

Cysteylcjlutamine. A T -Benzylcarbonyl-&-benzvlcysteine (I), prepared in the 
usual manner from benzylovstcine and lienzvlearbonyl chloride, was con¬ 
verted into the aeid chloride and coupled in aqueous solution in presence of 
triethylarnine with y-monoothyl glutamate to give y-monoethyl-A T -benzyl - 
carb( m y 1->S - ben zy Icy stey lg Iu tain ate (II): the latter was treated with ammonia 
and the resulting amide was freed from benzyl and benzvlcarbonyl residue's bv 
reduction with sodium in liquid ammonia to yield eysteylglutamine (III). 


('Hj.S.OfH, 

in.NH.OC.O.C 7 H 7 

ioOH 


CH,.iS.0 7 H 7 

Ah. NH. OC. O. C 7 H, 
AoNH.CH.COOH 


OH,.SH 

i’H.NH* 

Ao.vh.ch.cooh 

Ah.-CH-CON 


Glutaminylcysteine . N -Benzylcarbonylcystine benzyl ester, prepared by the 
action of A-benzy lcar bony Icy sty 1 chloride on benzyl alcohol was converted into 
cysteine benzyl ester hydroiodide by partial reduction with phosphonium iodide : 
the cysteine benzyl ester was then coupled witli benzylearbonylgluframic 
anhydride to yield A-benzylcarbonyl-a-glutamyl cysteine benzyl ester (IV); the 
$-benzyl derivative of the latter was converted in turn into the acid chloride and 

103—2 
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the amide (V) which was finally reduced with sodium in liquid ammonia to give 
glutaminylcysteine (VI). 


CHj.CHj.COOH CHjSH CH 2 .CH 2 .CONH 2 CH 2 .S.C 7 H 7 

Ah(N H. OC. O. C 7 H 7 ). CONH. djH. COOC 7 H 7 <!lH(NH. OC. O. C 7 H 7 ) .CONH. Ah . COOC 7 H 7 

IV V 

CH 2 .CH a .CONH 2 CHj.SH 

Ah(NH 2 ) . CO. NH. Ah. COOH 
VI 


Physiological tests . 

We are indebted to Dr H. P, Himsworth for testing the two synthetic peptides 
for hypoglycaemic activity. The peptides were tested as such and after oxidation 
to the disulphide forms by means of hydrogen peroxide. In each case the material 
under test (10 mg.) was dissolved in sterile saline (2-5 ml.) and injected into a 
rabbit, the blood sugar being determined at intervals for a period of 1 hour. No 
suggestion of hypoglycaemic activity Was obtained. It may be noted that 
glycylcystine, cystylglycine and y-glutamyleystine have recently been found to 
be devoid of physiological activity [ Jensen et al. 9 1936J. 


Labile sulphur. 

Table I gives the proportions of labile sulphur in insulin, glutathione and the 
new synthetic peptides together with some values from the literature. The sub¬ 
stances were boiled in 0-1 N sodium carbonate solution during 45 min. and the 


Table I. 


Substance 

Glutaminylcystine 
Cystylglutamine 
Glutathione (oxidized) 
Insulin (crystalline) 
Cystine* 

Alanylcystine* 
Alanylcystine anhydride* 
Insulinf 

* Brand & Sandberg [1926], 


“ Sodium carbonate- 
labile sulphur” (%) 

8-2 

17-8 

37-3 

60-0 

2*8 

18-6 

91-8 

37-4 

t Abel et al. [1927). 


figures are percentages of the total sulphur eliminated as hydrogen sulphide 
upon acidification and boiling after the treatment with carbonate. The conditions 
were standardized as far as possible but appear to be more severe than those used 
by earlier workers since our result for insulin is considerably higher than that 
previously reported. 

It will be seen that cystylglutamine and glutaminylcystine resemble alanyl¬ 
cystine and are intermediate in their behaviour between cystine itself and the 
more complex glutathione. Insulin is much less stable. 


Liberation of ammonia during treatment with acid and alkali. 

The peptides were treated with 0*1 N HC1 and with Nj 30 NaOH under the 
conditions prescribed for insulin by JenBen & Evans [1932]. The values for 
insulin are taken from these authors. The results are presented as percentages 
of the total amide nitrogen. 

The liberation of ammonia from insulin in acid was measured under conditions 
in which the substance would be present as the insoluble “heat precipitate”. 
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Table II. 


Percentage of nitrogen liberated as ammonia by treatment with 
acid and alkali . 


Treatment 


Substance 


N/10 HOI at 100° 
1 hour 


A730 NaOH at 34° 
3 hours 


Glutaminylcystine 

Oystylglutamine 

Insulin [Jensen & Evans, 1932] 


100 

9-4 

69*5 

5*7 

(23) 

10*9 


A comparison therefore of the result so obtained with those from the (soluble) 
peptides would have little significance. 

Whereas the sulphur of cystylglutamine is more labile than that of glut¬ 
aminylcystine in the case of the amide nitrogen the position is reversed. If the 
doubtful result obtained by acid treatment of* insulin is neglected it appears that 
the lability of the amide nitrogen in insulin is little different from that in the 
peptides; the sulphur of insulin on the other hand is far more labile than that of 
either of the jieptides. In so far as deductions can be made from the study of the 
simple peptides the properties of the latter therefore afford no support to the 
suggestion that the cystylglutamine or glutaminylcystine linkage occurs in the 
molecule of insulin. This conclusion must l>e accepted with reserve however since 
the lability of the sulphur in such peptides may well be increased by attachment 
of additional amino-acid residues. 


Amide nitrogen and glutamic acid content of insulin. 

Glutamic acid has been isolated from insulin by Jensen & Wintersteiner [1932]. 
Since these workers were unable to detect the presence of aspartic acid, it may be 
assumed provisionally that glutamic acid is the only dicarboxylic acid present. It 
may also be assumed that this acid is in combination with the peptide structure of 
the molecule through its a-amino- and a-carl *>xy 1-groups only, the y-carboxyl- 
group cither remaining freeor in combination as an (acid) amide. As the total 
number of free acidic groups in the insulin molecule is now known with some ac¬ 
curacy f Harington & Ncuberger, 1936] it follows that an estimate of the amount 
of glutamic acid present may bo made if the amide nitrogen content is also known. 
It should l»e pointed out that this estimate will Ik? subject to two sources of 
error. First it is not certain that all free acidic groups are revealed by titration 
and secondly a small part of the base binding is attributable to terminal carb¬ 
oxyl groups. These errors will affect the result in opposite directions. 

Our present knowledge of the amide nitrogen content of insulin is based on 
the amount of ammonia liberated during complete hydrolysis | Wintersteiner et 
al.y 1928], It has been shown by Shore et al. [1935] however that, in the case of 
some proteins at least, ammonia is liberated during hydrolysis from sources 
other than amide groups. It therefore appeared desirable to determine the amide 
nitrogen of insulin by the method described by these workers. 

Experiments on the hydrolysis of insulin by 0-2 N HC1 at 100° were unsatis¬ 
factory because the substance remained undissolved even after 20 hours. 
Determinations were therefore made of the ammonia liberated by the treatment 
of insulin with 5N HC1 for varying periods of time. The results which are given 
in Pig. 1 lead to a value of approximately 34 equivalents of amide nitrogen per 
molecule assuming the molecular weight of insulin to be 35,100. The quantities 
of insulin employed and therefore the accuracy of the results were severely 
limited by the expensive nature of the material. It is hoped however that 
sufficient accuracy has been achieved to make possible a rough estimate of the 
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amount of glutamic acid in insulin. If the number of free acidic groups due to 
glutamic acid is assumed to be roughly 32, it follows that the proportion of this 
acid in insulin is about 30 %. This figure is of course subject to the limitations 
mentioned above. 



Fig. 1. Liberation of ammonia from insulin during treatment 
with 5A r HCl at 100°. 


Experimental. 

Synthesis of cysteylglutamine . 

S -Benzyfaysteine. Cystine was reduced by means of zinc dust and HCl to 
cysteine which was isolated as its cuprous meroaptide. The latter was decom¬ 
posed with H 2 S and the solution after removal of cuprous sulphide was con¬ 
centrated, made alkaline and treated with benzyl bromide in the usual maimer. 
The product was recrystallized from water and formed large elongated plates or 
prisms which melted at 219° with decomposition after sintering at 205°. The 
yield was 58% of the theoretical. 

It is probable that this compound may be prepared more conveniently by the 
method of du Vigneaud et al . [1930]. 

N-Benzylcarbonyl-S-benzylcysteine. S - Ben zyl cysteine (5-0 g.) in 2A T NaOH 
(12 ml.) was treated with benzylcarbonyl chloride (5 ml.; 25% excess) and 2 N 
NaOH (15 ml.) with vigorous shaking and ice cooling during 30 min. The 
mixture was finally shaken mechanically for a further 30 min. During the course 
of the reaction the sodium salt of the product separated as a heavy layer. The 
whole was washed three times with ether. The latter was discarded and the two 
heavier layers were made acid to Congo red by the addition of 5JV HCl and were 
extracted three times with ethyl acetate. The ethyl acetate solution was washed 
well with saturated NaCl, dried over sodium sulphate, concentrated to a small 
volume under diminished pressure and treated cautiously with ligroin. Crystal¬ 
lization started at once and was completed by the addition of ligroin and by 
standing at 0°. The substance was collected and recrystallized &om benzene. 
The yield was 90 % of the theoretical. JV-Benzylcarbonyl-$-benzylcysteine forms 
colourless elongated prisms melting at 93-95° after sintering. (Found: N, 4*17; 
S, 9*10%. C 18 H 19 0*NS requires N, 4*06; 8, 9-28%. 42*5 mg. required 6-10 ml. 
N /50 NaOH for neutralization to cresol red. C 18 H 19 0 4 N8 titrating as a monobasic 
acid requires 6*16 ml.) 
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N -Benzylcarbonyl-iS y -benzylcysteine was also prepared as follows: jV- benzyl- 
car bony lc;ys tine in 80% alcoholic sulphuric acid (0-75 N) was reduced with zinc- 
copper couple to N-benzylcarbonylcysteine which formed prismatic needles 
(m.p. 82°) from ethyl acetate-ligroin. JV-Benzylcarbonylcysteine was treated 
with benzyl bromide in alkaline solution giving AMjenzyl carbonyl-#-benzyl - 
cysteine in 63 % yield. 

y-McMoetkyl-N-benzylMrbonyl-$-berizylcy#teylglutartiate. N - Bonzylearbonyl-#- 
benzylcysteine (4*0 g.) was suspended in dry ether (30 ml.). The mixture was 
cooled in ice-salt and shaken with phosphorus pentaohioride (2*8 g.: 15 % excess). 
The undissolved material soon passed into solution and after about 5 min. nearly 
all the phosphorus pentaohioride had disappeared. The pale yellow solution was 
decanted from excess reagent and evaporated to a syrup at a low temperature 
and w r ith exclusion of atmospheric moisture. The residue was treated with light 
petroleum (b.p. 00-80 ) and soon crystallized in small prisms. The acid chloride 
w r as collected, washed with light petroleum and added slow ly to a mechanically 
stirred ice-cold solution of y-ethylglutamate (3*0 g.; 50% excess) and triethyl- 
amine (4*0 ml.) in water (15 ml.). When rapid stirring had been maintained for 
10 min. triethyiamine (1*0 ml.) and a small quantity of ether were added and any 
lumps were broken up with a rod. After being stirred during a further 10 min. 
the mixture was centrifuged. The upper layer was discarded and the aqueous 
layer was decanted from a small residue, acidified and extracted three times with 
ethyl acetate. The ethyl acetate solution was washed with dilute HCl and 
several times with saturated Nad. It was dried over sodium sulphate in the 
presence, of norite, concentrated under diminished pressure to a small volume 
and treated cautiously with ligroin The oil which separated crystallized after a 
short period at 0 . The material after collection weighed 3*6 g. or 62 % of the 
theoretical amount. It was reerystallized from ethyl acetate and formed fine 
needles which melted at 88 after sintering at 85 \ (Found: N. 5*47; S, 6*42%. 
(WW requires N, 5-58: K, 6-37%). 40*7 mg. in methyl alcohol required 
5*01 JV/50 NaOH for neutralization to crcsoi red. t'^H. n () 7 N 2 S titrating as a 
monobasic acid requires 4*65 ml. 

N - B()i zylca rbonyl-R-br w zylcystrylgluta m i we. y-MoiK>ethyl-AM>enzyloarbonyl- 
S -benzyleystcyIglutamate (7*3 g. of reerystallized material) w as dissolved in con¬ 
centrated ammonia solution (140 ml. of sp. gr. 0*880). After standing in a warm 
place overnight the solution was centrifuged in order to remove a trace of 
flocculent material and was concentrated under diminished pressure until excess 
of ammonia had been removed. The residue w as diluted to 100 ml. with water 
and treated with a slight excess of 2 S HCl. A white viscous oil separated which 
hardened rapidly. It was collected and crystallized from n-propyl alcohol. The 
yield was 5*3 g. or 78 % of the theoretical. After a second crystallization from 
w-propyl alcohol the substance formed line needles which melted at 188-189° 
after sintering at 186°. (Found: N, 8*8: 8, 6*31 %. C^H^OeN^S requires N, 8*9; 
S, 6*76%.) 

Cysteylglutamine . N - Ben zy 1 car bon y 1 - S - ben zy Icy stey [glutamine (3*6 g.) was 
dissolved in liquid ammonia (35 ml.) in an apparatus fitted w ith a mechanical 
stirrer. The solution was treated gradually with sodium in small pieces (0*7 g.: 
4 equiv.) and was cooled in an acetone-C0 2 mixture until nearly all the sodium 
had been added. When the blue colour due to excess sodium had become per¬ 
manent the bulk of the ammonia was allowed to evaporate and the last traces 
were removed by suction. The residue was suspended in dry alcohol (15 ml.) 
cooled to —30° and treated with sufficient HI to give a faintly acid solution. The 
latter was diluted with water, extracted with other in order to remove dibenzyl 
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and then treated cautiously with 5N ammonia until the pH had risen to about 
5-0. The solution was then evaporated to a small volume under diminished 
pressure and treated rapidly with alcohol. The granular precipitate was collected 
and washed with alcohol at the centrifuge until the washings no longer gave a 
test for iodide. The crude peptide was finally collected. After being dried over 
phosphoric oxide in vacua it weighed 1*4 g. or 74% of the theoretical amount. 
Attempts to crystallize the crude peptide were unsuccessful. 

The substance in portions of 200 mg. was dissolved in water (3*0 ml.). The 
solution was treated with 10 drops of 0*5 N HgSC^ and then with a suspension of 
cuprous oxide first in the cold and then with gentle warmth until a small dark 
red deposit appeared. The solution generally began to darken at this point. The 
cuprous compound which was grey-violet in colour and which dissolved in water 
to form a clear violet solution, separated when the solution was cooled. Precipi¬ 
tation was completed by adding 3 vol. of alcohol. The precipitate was suspended 
in a small volume of water containing 3 drops of 0-5 N H 2 S0 4 and was then 
treated with alcohol. The precipitates from all the 200 mg. portions were united 
at this stage and were washed 10 times at the centrifuge by suspension in water 
followed by treatment with alcohol. The material was finally suspended in 
water and decomposed with H 2 S. The cuprous sulphide was removed and washed 
with water at the centrifuge. The solution and washings were concentrated to a 
small volume under diminished pressure and adjusted to pH 4*8 by the addition 
of 5 N ammonia. Crystallization started at once and continued during further 
evaporation of the solution over phosphoric oxide in wvcmo. The product 
(290 mg.) was collected, washed with water, 50% alcohol and absolute alcohol 
and was dried at 56° in vacuo . A second crop (422 mg.) of less pure material was 
obtained by allowing the mother liquor to stand over alcohol in a desiccator at a 
pressure of 300 mm. 

It may be of interest to record that when the mother liquors from the 
preparation of the violet-coloured cuprous mercaptide were worked up by way 
of the compound formed with mercuric sulphate, the peptide recovered from 
the latter derivative gave a white cuprous mercaptide which was not appreciably 
soluble in water. 

Cysteylglutamine forms colourless plates or prisms, and is more soluble in 
water than the isomeric glutaminylcysteine. (Found: C, 38*2; H, 6*26; N, 16*6; 
S, 12*40; amide N, 5*5, 5-56%. C 8 H 15 0 4 N 3 S requires: C, 38*6; H, 6*02; N, 16-9; 
S, 12*85; amide N 5-6%.) 

Optical rotation . Cysteylglutamine . 15*1 mg. in 0*5 ml. water had a^-hO-l 0 
in a 0*5 dm. tube whence [a] M61 = +6*6°. 

Cystylgluiamine. JO-3 mg. of the peptide in 0*797 ml. of water containing the 
theoretical amount of hydrogen peroxide and a trace of copper sulphate had 
a 54 «i—0*09° in a 0*5 dm. tube when oxidation was complete, — —13*9°. 

Iodine titration . The peptide (9*8 mg.) was dissolved in 7*5 % potassium iodide 
solution (5 ml.) and treated with approximately 0*01 N iodine (5*0 ml.). The 
excess of iodine was back-titrated with 0*01 N sodium thiosulphate. 3*81 ml. of 
0*01 N iodine were required, the theoretical quantity being 3*94 ml. of 0*01 N. 

Synthesis of glutaminylcysteine . 

N-Benzylcarbonylcystine benzyl ester . N -Benzylcarbonylcystyl chloride from 
20 g. of N-benzyl carbonyl cystine [Harington & Mead, 1935] was made into a 
thick paste with ether and added to a mixture of benzyl alcohol (26 g.: 200 % 
excess) with 2 vol. of dry chloroform. Next day the filtered solution was 
evaporated under diminished pressure and the syrupy residue dissolved in 
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ethyl acetate. The ethyl acetate solution was washed with water, saturated NaCl, 
sodium bicarbonate solution and finally twice with saturated NaCl. It was then 
dried with anhydrous sodium sulphate, concentrated to a syrup and stirred well 
with 5-10 vol. of ligroin. After standing for a short time in the refrigerator the 
lower layer had set to a firm jelly, from which the ligroin was decanted. The 
lower layer was ground with ligroin and collected. The substance was dried in 
vacuo over several changes of sulphuric acid. Yield 22*7 g. = 84% of a rather 
sticky amorphous powder. 

Cysteine benzyl ester hydroiodide. iV-Benzylcarbonylcy stine benzyl ester 
(13*9 g.) in glacial acetic acid (140 ml.) was treated with phosphonium iodide 
(22-8 g.) at 50° in the manner described by Harington & Mead [1935]. After 
70 min. evolution of carbon dioxide was almost at an end. The solution was then 
decanted from excess reducing agent and concentrated under diminished pressure 
to a small volume. Crystallization of the product was started by scratching and 
was completed by the cautious addition of dry ether, and by keeping at 0° for 
2 hours. The product was collected and washed with acetic acid and dry ether. 
It was recrystallized from glacial acetic acid and formed colourless plates 
melting with decomposition at 139° after sintering at 135°. (Found: N, 4*4%; 
I, 36*6, 37*4%. C 10 H 14 O^NIS requires N, 4-1; I, 37*5%). 

N - Ben zylcu rlxm yl -a -gl uta m ylcyste ine benzyl ester. Cysteine benzyl ester 
hvdroiodide (10*15 g. of recrystallized material) was suspended in dry chloroform 
(40 ml.). The suspension was cooled in ice and treated with diethylamine (3*0ml.) 
which caused the hydroiodide to pass into solution. To the latter cooled in ice- 
salt was added a solution of A'-benzylcarbonylglutamic anhydride (7*9 g.) in dry 
chloroform (30 ml.). The solution was kept in the freezing mixture for 30 min. 
and then overnight at room temperature. The partly gelatinous material which 
had separated was collected and the filtrate evaporated to dryness under 
diminished pressure. The residue together with the first crop was crystallized 
from boiling propyl alcohol and recrystallized from diluted ethyl alcohol. The 
product formed colourless elongated prisms melting at 148°. Yield 9 g. = 64 % of 
the theoretical. (Found: N, 5*85; S, 6*88%; requires N, 5*9; S, 

6*75%.) 

N - Benzylcarbonyl-tx-glutamyl-S-ben zylcyste i tie benzyl ester . N - Ben zy learbon vl- 
a-glntamylcysteine l>enzyl ester (3*0 g. of reerystallized material) was suspended 
in dry chloroform (7*5 ml.) and dissolved by addition of diethylamine (1*3 ml.: 
2 mol.). The solution was treated with benzyl bromide (0*92 ml.: 1 mol.). The 
temperature rose to about 40“ after the addition. After about 10 min. further 
quantities of diethylamine (0*26 ml.) and benzyl bromide (0*2 ml.) were added. 
When the mixture had stood at room temperature for a further 45 min. it was 
evaporated to a syrup under diminished pressure. The syrup was dissolved in 
alcohol and the evaporation repeated in order to remove the last traces of 
chloroform. The residue was dissolved in a small volume of alcohol and the 
solution was treated with a slight excess of HC1 (2A r ) and then cautiously with 
water. After a short time at 0° the crystalline product was collected and washed 
with alcohol. It was reerystallized from n-propyl alcohol with the use of norite. 
Yield 3-0 g. or 79 % of the theoretical. The substance forms colourless needles or 
prisms melting at 144°. (Found: N, 4*9; S, 5*41%. C^H^O-yNgS requires N, 
4*96; S, 5*6%. 45*7 mg. required 4*06 ml. Nj 50 NaOH to neutralize to cresol 
red; C^H^O^S titrating as a monobasic acid requires 4*05 ml.) 

N-BenzylMrbonyl-a-glttiaminyl-S-benzykysteirie benzyl ester. A*-Benzylcar- 
bonyl-a-glutamyl-£-benzylcysteme benzyl ester (2*3 g. of reerystallized material) 
was suspended in dry ether (25 ml.). Phosphorus pentachloride (1*2 g.; 15% 
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excess) was added to the suspension which was cooled intermittently in ice-salt 
and vigorously shaken. Separation of the acid chloride as fine needles started 
before the suspension had become quite clear. Shaking was continued for about 
10 min. and light petroleum (50 ml. of b.p. 60-80°) was then added in order to 
complete the separation of the product. The latter was collected, washed with 
light petroleum, and suspended in dry chloroform (40 ml.). The suspension was 
added slowly with constant agitation to ether (100 ml.) at —10° which had been 
previously saturated with dry ammonia at that temperature. A white granular 
precipitate settled out. Any lumps were broken up with a rod and the mixture 
was left at room temperature overnight. The precipitate was collected, washed 
with ether and dried at 40°. It was then ground with water, collected, washed 
with ether and dried. The product was recrystallized from n-propyl alcohol 
(150 ml.) with the use of norite. Yield 1*6 g. or 70% of the theoretical. The 
substance forms fine needles melting at 182° after sintering. (Found: N, 7*47; S, 
5-74 %. C*,H 330 6 N 3 S requires N, 7*46: S, 5-68 %.) 

Olutaminylcysteine. Removal of the N -benzy learbonyl-, $-benzyl- and benzyl 
ester-groups from the preceding compound was accomplished by reduction with 
sodium in liquid ammonia [SifTerd & du Vigneaud, 1935]. No tendency was 
observed for the benzyl ester group to be replaced under these conditions by an 
amide group. 

A-Benzylearbonyl-a-ghitaminyl-$-benzylcysteine benzyl ester (5*0 g.) was 
suspended in liquid ammonia (ca. 50 ml.) in an apparatus fitted with a mechanical 
stirrer. The suspension was treated with sodium in small pieces (1-23 g.: (5 equiv.). 
The sodium was added rapidly at first and the mixture kept at —60° during this 
period. The last portions of sodium wen; added more slowly while the tempera¬ 
ture was allowed to rise to the boiling point of ammonia. A deep blue colour due 
to excess of sodium appeared soon after the addition of the last piece. The crude 
product was isolated exactly as in the case of cysteylgfutamine, the* total yield 
being 60 %. 

The crude peptide was suspended in a small volume of water and treated with 
2A T until solution was almost complete. After filtration the solution was 

treated with an excess of Deniges mercuric sulphate reagent. The mercury com¬ 
pound was collected at the centrifuge and a second crop obtained by dilution of 
the mother liquor with water. The precipitates were united, washed with water 
several times, suspended in water and gassed with H 2 S during several hours. 
The mercuric sulphide was centrifuged, resuspended in water, again treated with 
H 2 S, and finally centrifuged. The combined aqueous liquors were evaporated to a 
small volume under diminished pressure, then warmed to about 35° and treated 
with a suspension of cuprous oxide. The latter dissolved but no precipitate 
appeared until several additions of the reagent had been made and the inside of 
the tube had been scratched with a rod. The faintly yellow r and rather soluble 
cuprous derivative was centrifuged and washed. It was found possible to avoid 
undue loss by interposing an aqueous alcoholic washing after every second washing 
with water. The water-alcohol treatment consisted in suspending the material in 
a small volume of water and then adding about 2 vol. of alcohol. After more than 
12 washings the liquor remained cloudy after centrifuging although it still gave 
a precipitate with HC1 and BaCl 2 . The cuprous compound was suspended at this 
stage in water and decomposed with B^S. The cuprous sulphide was centrifuged 
and washed with water. The combined solution and washings were concentrated 
to a small volume under diminished pressure and transferred to a small basin. 
Crystallization set in as soon as the basin was scratched. The pH was adjusted to 
4*5 by the addition of 5N ammonia and concentration continued over phosphoric 
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oxide in vacuo . After a night at 0° the peptide was collected, washed with water 
and dried at 56° in vacuo. Yield 264 mg. By concentrating the mother liquor a 
quantity of Ichs pure material was obtained. 

The peptide formed colourless rectangular plates or prisms which decom¬ 
posed sharply at 197°. (Found: C, 38*7; H, 6*20; N, 16 0,16-1; S, 12-85; amideN, 
5-28 %. C 8 H lfi 0 4 N 3 S requires C, 38-6; H, 6-02; N, 16-9; S, 12-85; amide N, 5-6 %.) 

It is evident from the analytical data that this peptide was not quite pure. 
An attempt was made to purify it by re crystallization from water followed by 
aqueous alcohol. The product however proved on analysis to be less pure than 
the starting material. This result is less surprising when account is taken of the 
great lability of the amide nitrogen in this compound (Table II). 

Glutaminyl compounds exhibit a tendency to lose ammonia and undergo 
cyclization to derivatives of pyrrolidone [Bergmann & Zervas, 1933]. Evidence 
that no such change had occurred during the preparation of glutaminylcvsteine 
is provided by the results of the amide nitrogen determination. Free pyrrolidone- 
carboxyl cysteine would itself give no amide nitrogen but would form an am¬ 
monium salt which might bear a superficial resemblance to glutaininylcysteine. 
The ammonium salt would however liberate ammonia when dissolved in an 
alkaline buffer solution and distilled in vacuo under the conditions for the 
determination of amide nitrogen but without previous heating in acid solution. 
Two experiments made to tost this point showed that only a negligible amount 
of ammonia was liberated by the peptide under these conditions. 

Optical rotation. Ghitnminylcysteine. 15-3 mg. in 0-5 ml. of w r ater had a M61 
— 015" in a 0-5 dm. tube whence [xjr^^ — 9-8\ 

(rlutawinylcystine. On account of the insolubility of this substance the 
determination was made in acid solution. To a solution of glutaminylcvsteine 
(12-6 mg.) in water containing the theoretical quantity of hydrogen peroxide 
(1-11 ml.) was lidded HOI (0-25 ml. of 0-25 A r ), containing a trace of copper 
sulphate. When oxidation was complete the solution had 0-55 J in a 0-5dm. 

tube giving [a] M61 =-119. 

Iodine titration. The peptide (9-8 mg.) was dissolved in 5% }>otassium iodide 
solution (5 ml.) and treated w ith approximately 0-01 N iodine solution (5-0 ml.). 
The excess of iodine w as back-titrated with 0-01 JV sodium thiosulphate. 4*68ml. 
of 0-01 N iodine were required as against the theoretical amount of 3-94 ml. The 
high result obtained in this titration may be compured with that- obtained by 
Harington & Mead [1935] for glutamyleysteine in w hich the cysteine is linked 
in an analogous manner. 

Determination of labile sulphur. 

The apparatus was similar to that described by Abel & Geiling [1925J. 
Preliminary experiments showed that a rubber stopper, if purified by sodium 
hydroxide solution in the usual way, liberated no sulphur when new r . After being 
in use for some time, however, it became responsible for a large blank. The 
apparatus finally employed was therefore made entirely of glass. 

Control of method. A freshly prepared solution of HgS in ice-cold, oxygen-free 
NaOH was standardized by the procedure described by Treadwell & Hall [1919]. 
Portions (2*0 ml.) of this solution were boiled with water (3 ml.) and 0-2 N 
NajCOj (5 ml.) in the 30 x 150 mm. pyrex tube of the apparatus. A slow r stream 
of nitrogen passed through the solution and reflux condenser and escaped 
through ammoniacal cadmium chloride solution contained in a 100 ml. conical 
flask. When 45 min. had elapsed, 5 ml. of approximately 5 N HC1 w r ere added to 
the sulphide solution through a tap funnel and ebullition was continued in a 
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more rapid stream of nitrogen for 30 min. The receiving flask was then dis¬ 
connected, the contents were diluted with water (25 ml.) and the cadmium sulphide 
was dissolved by the addition of 5N HC1 which was immediately followed by an 
excess of 0*01 N alkaline potassium iodate solution containing potassium iodide. 
The excess iodine was ultimately titrated with 0*01 N sodium thiosulphate 
solution. 

The standard sulphide solution contained 0*111 mg. S per ml. by direot 
titration. The results from three control experiments were 0*111,0*113 and 0*111 
mg./ml. 

Determination of labile sulphur in peptides . The peptide (about 16 mg.) was 
weighed into a standard 10 ml. flask, dissolved in a small volume of water, and 
treated with the theoretical quantity of hydrogen peroxide in the presence of a 
trace of ferric ammonium sulphate. When oxidation was complete the solution 
was made up to 10 ml. Portions (2*0 ml.) of this solution were treated as 
described above. 

Determination of labile sulphur in insulin . A solution of crystalline insulin 
was standardized by the determination of nitrogen on aliquot portions (Kjeldahl). 
The labile sulphur in 2 ml. of this solution was determined as described above 
with the exception that capryl alcohol was added in order to diminish the 
frothing. A blank experiment showed that the result was thereby unaffected. 

Determination of the amount of ammonia liberated by glutarninykystine and 
cystylglutamine during treatment unth acid or alkali. 

Standard solutions, containing approximately 1*5 mg. per ml. of glutaminyl- 
cysteine or cysteylglutamine were prepared freshly for each experiment. Three 

2 ml. aliquots of peptide solution were measured into test-tubes and treated with 
the theoretical quantity of hydrogen peroxide and a trace of copper sulphate. 
Two portions were used for duplicate determinations and the third as a control 
for the oxidation. 

Acid treatment. The oxidized peptide solutions were mixed with an equal 
volume of 0*2 N HC1 and were heated in a boiling water bath for 3 hours. During 
this time the tubes were closed by stoppers provided with short lengths of capil¬ 
lary tube. Before analysis the solutions were almost neutralized by the addition 
of 0*4 N NaOH. 

Alkaline treatment . The oxidized peptide solutions were mixed with an equal 
volume of N/15 NaOH. Each tube was closed by a stopper which carried a small 
drying tube containing glass beads moistened with N HC1 (0*2 ml.). After 

3 hours in a thermostat at 34° the beads were rinsed with water. The rinsings 
were added to the contents of the tube and the now slightly acid solutions were 
washed into the ammonia distillation apparatus. Control experiments with a 
standard solution of ammonium sulphate showed that no loss of ammonia was 
incurred by this procedure. 

Distillation of ammonia. The apparatus resembled that described by Parnas 
& Heller [1924]. The steam supply was regulated automatically by means of a 
piece of capillary tubing in the steam inlet. The vacuum was similarly controlled 
by a capillary leak inserted into the connection between the pump and the 
vessel enclosing the receiver. A side-arm on this vessel permitted the tip of the 
condenser to be rinsed into the receiver. The water-cooled condenser was of glass 
and gave rise to a constant blank equivalent to 0*007 mg. N. Truncated monax 
test-tubes (18 x 90 mm.) served as receivers. 

For a distillation a receiver containing 0*01 N HC1 (2*00 ml.) was adjusted so 
that the tip of the condenser ended just beneath the surface of the acid. Phos- 
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phate-borate buffer (5 ml. of a solution containing 27-2 g. KH 2 P0 4 and 9-55 g. 
Na^Oy, 10H 2 O in a litre) was added to the sample in the distillation flask and 
the latter was connected to the apparatus by a greased joint. Sodium hydroxide- 
borax mixture (3 ml. of a solution containing 50 g. Na 2 B 4 0 7 , 10H 2 0 in a litre of 
0-5JV NaOH) was added through a side-arm on the steam supply tube and the 
apparatus was evacuated. Distillation was maintained for 3 min. with the end of 
the condenser dipping beneath the surface of the liquid in the receiver and for 
1 min. with the receiver lowered. In all 5 ml. of distillate were collected. Steam 
was then shut off and air admitted. The tip of the condenser was rinsed and the 
contents of the receiver were treated with potassium iodide solution (2 ml. of 
5 %) and potassium iodate solution (3 drops of 4 %). After 3 min. the iodine was 
titrated with 0 01 N sodium thiosulphate. 

Blank estimations on all the reagents and also an analysis of a standard 
ammonium sulphate solution were made before every determination of ammonia. 

Determinations of amide nitrogen. 

Ovalbumin. The following determinations of the amide nitrogen content of 
ovalbumin were made in order to cheek the accuracy of the method. The 
ovalbumin, which had been recrystallized by the use of sodium sulphate, was 
kindly provided by Dr Neubcrger. 

Equivalent, of amide N 

Method of hydrolysis per molecule 

20 % HC1 at 100'3 hours 261 

0-2 .V HOI at 100' 20 hours 24 6, 24-4 

The most recently determined value is 24 equivalents per molecule [Shore et al., 
1935]. 

Insulin . The crystalline insulin, which was kindly provided by Dr D. A. Scott, 
contained 9*2% of moisture and 0*85% ash. Approximately 15 mg. portions 
were weighed into test-tubes and were dissolved in 5N HC1 (4 ml.). It was found 
to be more advantageous to add water first (0*73 mi.) and then HC1 of constant 
B.P. (3*27 ml.). The insulin was allowed to dissolve completely after the addition 
of the first drop of acid and the remainder was then run in. 

The tubes, which were closed by stoppers carrying micro-reflux condensers, 
were heated for varying periods in a boiling water-bath. For analysis, each 
solution was washed into the distillation vessel and treated with phosphate- 
borate buffer (5 ml.) and with 10 N NaOH (1*85 ml.). 5 drops of bromothvmol 
blue were added followed by sufficient 0*4 A 7 NaOH to give a greenish yellow 
tint similar to that given by the buffer and indicator alone. The flask was then 
attached to the apparatus, sodium hydroxide-borax mixture (3 ml.) was added 
and the ammonia distilled in the usual manner. 

Appendix. 

The preparation and properties of the following substances which may prove to be of use in 
peptide synthesis are described below. 

Glycine benzyl ester hydrochloride, 

A T -Benzylcarbonylcystylglyoine benzyl ester, 
a-Benzyl ester of A T -benzylcarbonyl-y-glutamylglycine benzyl ester, 

N -Benzylcarbonyb/9-aspartylglycine. 
a-Benzyl-jV-benzylcarbonyl-j5-ftspartyIcystine ethyl ester. 
y-Methyl-A r *bcnzylcarbonyl-a-glutamyl-£-methylcysteine benzyl ester. 

Glycine benzyl ester hydrochloride. Glyoyl chloride hydrochloride prepared from 26 g. of glycine 
by the method of Fischer [1906] was added slowly to an ice-cold mixture of benzyl alcohol (40ml.) 
and ether (40 ml.). More ether was added while the product was crystallizing from the mixture. 
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After a night at 0° the substance was collected and washed with ether. The yield was 48 % of the 
theoretical. 

For purification the crude material (15 g.) was dissolved in water (35 ml.). The solution was 
washed with ether in order to remove a trace of benzyl chloride, cooled in ice-salt treated with 
anhydrous potassium carbonate (20 g.) and extracted with ether at the centrifuge. The aqueous 
layer was made into a sludge with more potassium carbonate and extracted twice more with ether. 
The ethereal extracts were united, dried over anhydrous potassium carbonate in the presence of 
norite, and treated with dry gaseous HOI until separation of the product was complete. The 
substance was collected and washed with ether. Glycine benzyl ester hydrochloride forms long 
colourless prisms melting at 139-140°. (Found: X, 6*94; 01, 17*6%. C 9 H 12 O a N01 requires: N, 
6-06; Cl, 17-6%.) 

N-Benzykarbonylcystylglycine benzyl ester. Glycine benzyl ester hydrochloride (9*6 g.) in a 
small volume of water was cooled in ice-salt and treated with anhydrous potassium carbonate 
(10 g.). The free ester was extracted with three portions of ethyl acetate. The ethyl acetate 
solution was dried over sodium sulphate, cooled in ice-salt and treated with A’-benzyl ear bony 1- 
cystyl chloride from 20 g. of ^-benzyl carbonyl cystine. Alter 1 standing for several hours at room 
temperature the product was collected and washed with ethyl acetate and with ether and dilute 
acid. It was recrystallized from w-propyl alcohol and formed large? prismatic needles melting at 
167-168°. (Found: N, 6*9; S, 8*03%. C 40 H 42 O 10 N 4 S 2 requires: N, 6-98; S, 7*98%.) 

a -Benzyl ester of N -benzykarbonyl-y■ gluta mylylycine benzyl ester. A solution of glycine benzyl 
ester in ethyl acetate was prepared as described above from glycine benzyl ester hydrochloride 
(6*5 g.). The solution was cooled in ice-salt and was treated with the acid chloride obtained by the 
method of Bergmann et al. [1933] from oi-benzyl-A-benzylcarbonylglutamate (5 g.). (This acid 
chloride has been obtained crystalline in the form of small needles.) After standing for several 
hours the solution was filtered from precipitated glycine benzyl ester hydrochloride, washed with 
dilute acid and with water, dried over sodium sulphate and concentrated to a small volume under 
diminished pressure. The product which was precipitated by the cautious addition of ligroin w f as 
recrystallizod once from ethyl acetate-ligroin and then twice from ethyl alcohol. It formed cigar¬ 
shaped crystals melting at 104-105°. (Found: C, 66*8; H, 5*90; X, 5*45%. requires: 

(\ 67*2; H, 5*79; X, 5-41 %.) 

IS-Benzykarbonyl-fi-afiparlylglycine. The acid chloride prepared by the method of Bergmann 
et al. 11933] from A’-bonzylcarbonylaspartie acid a-benzyl ester (3*0 g.) was dissolved in dry chloro¬ 
form (15 ml.). This solution and N XaOH (8-5 ml.) were added in parallel portions during 60 min. 
to a well stirred solution of glycine (0-63 g.) in N NaOH (8*5 ml.). Stirring was continued for 15 
min. after the last addition and then the mixture was centrifuged. The aqueous layer was washed 
with ether, made acid to Congo red, saturated w r ith ammonium sulphate and extracted thoroughly 
with ethyl acetate. The ethyl acetate solution was dried over sodium sulphate, concentrated to a 
small volume under diminished pressure and treated with ligroin. The oil which separated soon 
hardened. The product was collected and crystallized from acetic acid-benzene. N - Benzy Icarbonyl- 
jB-aspartylglycine forms fine needles melting with decomposition at 153° after sintering. (Found: 
C, 51*6; H, 5*17; N, 8*4%. C M H 16 0 7 N a requires: C, 51*9; H, 4*94; N, 8*6%.) 

a-Benzyl-N-benzylcarbonyl fi-aspartykystine ethyl ester . The acid chloride prepared from 
A r -benzylcarbonylaspartic acid a-benzyl ester (3 g.) was shaken with a suspension of cystine ethyl 
ester hydrochloride (1*56 g.) in dry pyridine (10 ml.) and cooled in ice-salt. After 4 hours at room 
temperature 2 vol. of chloroform were added and the solution was filtered from excess cystine ethyl 
ester hydrochloride. The filtrate was evaporated to a syrup uuder reduced pressure and was treated 
with successive portions of water until it solidified. The material was dissolved in hot ethyl acetate, 
precipitated by ligroin and then crystallized from n-propyl alcohol. It formed colourless needles 
melting at 160°. (Found: N, 5*7; S, 6*56%. C 48 H M 0 14 X 4 S 2 requires: N, 5*75, S, 6*57%.) 

y-Methyl-yt-benzylcarbonyl-cL’Qlutamyl’S-methykysteine benzyl ester . An ethereal suspension of 
A r -benzylcarbonyl-a-glutamyleysteine benzyl ester was treated with an excess of diazomethane at 
0°. The acid passed into solution with evolution of nitrogen. After 60 min. the solution was 
filtered from a small precipitate and evaporated to dryness. The residue crystallized from ethyl 
acetate-ligroin. w.r. 85-86°. (Found: 0, 59*6; H, 5*92; N, 5*8%. C 46 H»0 7 N i S requires C, 59*8; 
H, 5*98; N, 5*0%.) 
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Summary. 

The syntheses of glutaminyleysteine and cysteylglutamine have been 
described. 

In view of the suggestion of Jensen & Evans [1934] these peptides have been 
tested for hypoglyoaemie activity and compared in their chemical behaviour with 
insulin. 

Neither peptide in reduced or oxidized form exhibited any hypoglycaemic 
activity. The peptides showed a general resemblance to insulin in respect of the 
lability of their amide nitrogen but differed from insulin in that their sulphur 
was much more stable towards alkali. 

The time course of liberation of ammonia from insulin by oN hydrochloric 
acid at 100 <J indicates the presence of about 34 amide groups per mol. From this 
value together with published titration data it is concluded that insulin contains 
about 30 % of glutamic acid. 

The preparation and properties of some intermediates for peptide synthesis 
are recorded. 
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CCXXVIII. LIVER GLYCOGEN. 

IV. MOLECULAR STRUCTURE OF GLYCOGEN FORMED 
AFTER INGESTION OF GALACTOSE 
BY FASTED RABBITS. 

By DAVID JAMES BELL. 

From the Biochemical Laboratory , Cambridge . 

(Received 23 July 1936.) 

This paper describes the application of Haworth’s k< end-group assay” method 
[Haworth & Percival, 1932J to the elucidation of the molecular structure of 
glycogen formed in rabbits’ livers subsequent to the oral administration of 
galactose. The glycogen was methylated and then hydrolysed and the cleavage 
products were separated and identified by the author’s procedure [Bell, 1935]. 
A yield of 6% of 2:3:4:6-tetrarnethylglucosc was obtained, corresponding with a 
molecular unit in the methylated glycogen of 18 glucose units. 

The following table records the general results of the investigation which was 
carried out on two groups of rabbits, A 25 animals and B 10 animals. The 
experimental conditions were purposely different in the two groups. 


Table I. 

Group A B 

Fasted for 24 hrs. 4S hrs. 

Galactose fed 5 g./kg. 10 g. each 

Time allowed for absorption 2 hrs. 4 hrs. 

Tetramethylglucose % found after hydrolysis 6-0 6-2 

of methylated glycogen 

Number of glucose units in glycogen molecule 18 18 


The methoxyl contents (corrected, Bell [1935]) of the methylated glycogens, 
coupled with the amounts of tetramethylglucose found in the cleavage products, 
corresponded most closely with an octadecasaccharide having, in A, 54 of the 
available 56 OH groups methylated, and in B, 53 OH groups methylated. 
Table II shows detailed results of the separation of the cleavage products. 

Table II. 


Specimen of methylated glycogen A B 

OMe % 45-6 44-8 

Amount of material hydrolysed (g.) 16*00 12*28 

Yield of tetramethylglucose (g.) 0*901 0*768 

Yield of trimethylglucose (g.) 12*650 9*592 

Yield of dimethylglucose (g.) 1*80 1*760 

Recovery of cleavage products % 93*6 91*0 


That the assay of the relative amounts of dimethyl- and trimethyl-glucose 
affords additional aid in estimating the chain-length of the glycogen is shown in 
Table III. 


( 1612 ) 
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Table III. 

Theoretical. 

No. of mols. of cleavage products 


_ / _ 

X Y Z 





X 

Y 

Z 



No. of C § 

No. of 


Tetra- 

Tri- 

Di¬ 

Ratios by 

weight 

units in 

free OH 

OMe 

methyl- 

methyl- 

methyl- 

,- 

—> 

chain 

groups 

O/ 

,o 

glucose 

glucose 

glucose 

Y/X 

YfZ 

IS 

1 

460 

1 

16 

1 

14-1 

160 

18 

2 

454 

1 

15 

2 

131 

7-4 

18 

3 

44*9 

1 

14 

3 

122 

4-6 

Found A 

45*6 




140 

7-9 

Found B 

44-8 




12*5 

5-4 


Discussion. 

Haworth 11935] reported that his research school had found that glycogen 
(*ould apparently exist in two forms, one composed of 12, the other of 18 glucose 
units jkt molecule. Previously, Haworth & Percival |1932] and Beil |1935] had 
found 12 glucose units as the basic molecular structure of rabbit liver glycogen. 

The formation of glycogen as a result of galactose feeding has been studied 
by a number of investigators, but always with an emphasis on the physiological 
aspects of the problem. Harding et nl. j 1934] showed that such glycogen in rats 
was composed solely of glucose units. This fact was confirmed in the present 
instance by Dr Stephenson, using the technique of Stephenson & Yudkin [1936]. 
Deuel el nl. [1933] obtained some evidence that galactose feeding in rats led to 
the formation of a glycogen which was more slowly broken down or utilized than 
in normally dieted animals. 

In the light of present knowledge, the formation of this new glycogen 
apparently can be attributed only to (he process of galactose feeding. The 
author’s previous investigation of the molecular structure of rabbit liver 
glycogen consisted in the examination of two samples of material each obtained 
from 12-20 animals. At the time of publication, the fact that the two groups of 
animals were supplied with carbohydrate under radically different conditions 
was not considered to l>e of significance, particularly as glycogens of identical 
molecular size w r ere obtained from both groups. Stated briefly, one group 
received a carbohydrate-rich diet, largely carrots and sucrose, wiiilst the other 
animals, after fasting, received glucose by intravenous infusion through the ear- 
vein by the elegant technique of Bridge & Noltie [1935]. By the second method, 
rapid formation of large amounts of liver glycogen took place. 

The formation of the 18-unit glycogen, therefore, would not seem to be the 
result of mere rapid storage of carbohydrate in the liver. 

A further important fact has emerged from this work. Although investigation 
of the methylated glycogen showed that it had a molecular structure of 18 glucose 
units, examination of the glycogen itself revealed no significant differences from 
the 12-unit polysaccharide. It therefore follows that such properties of glycogen 
itself as lend themselves to examination afford no clue as to the chemical 
molecular structure [see Bell & Young, 1934; Bell & Kosterlitz, 1935; Oakley & 
Young, 1936]. The suggestion by Donhoffer & Macleod [1932] that more than 
one kind of liver glycogen exists therefore seems to warrant further investigation. 


Biochem. 1936 xxx 
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Experimental. 

Preparation of the glycogen. 

Group A. 25 rabbits, fasted 24 hours, were given galactose, 2*5 g./kg. body 
weight, by stomach tube. About 2 hours later the animals were killed, the 
livers excised and ground with ice-cold 5 % trichloroacetic acid. After centrifuging, 
the glycogen was precipitated by the addition of 1 vol. alcohol. Subsequent 
purification was effected by the procedure of Bell & Young [1934]; yield 20 g. 

Group B. 10 large rabbits were fasted 48 hours and to each were then given 
10 g. of galactose in concentrated solution by stomach-tube. After 4 hours the 
animals were deeply anaesthetized with “Numal-Roehe” and the livers excised 
and extracted by boiling water; subsequent purification as for group A; yield 
13*5 g. from 700 g. liver tissue. 

Properties of glycogens A and B. 

Aqueous solutions of both were rather difficult to free, from traces of nitro¬ 
genous material. This was finally effected by centrifuging at 15,000 r.p.ra. The 
purified solutions were rather more opalescent and had very slightly higher 
opacities than 12-unit glycogen but otherwise appeared similar and gave the 
same red-brown colour with iodine. The properties are tabulated below: 


Table IV. 


Specimen 

A 

B 

in H z O (c -0*5%) 

+ 2 or 

+ 200° 

Reducing power [Macleod & Robison, 1929] 

1*2% 

1*1 % 

Phosphorus, organic 

Nil 

Nil 

Phosphorus, inorganic 

Nil 

Nil 

Ash 

Nil 

Nil 


Biochemical investigation of hydrolysis product of glycogen. 

(With M. Stephenson.) 

The carbohydrate, [a] 7 , +52° (in water), formed by aqueous acid hydrolysis 
of the glycogen “ A 99 was investigated by a fermentation method. A strain of B. 
cerevisiae was used which, when grown on glucose broth, centrifuged and washed, 
failed to ferment galactose at a measurable rate [Stephenson & Yudkin, 1936]. 

The C0 2 eliminated per mg. carbohydrate was measured in the Bareroft 
manometer as described in the above paper. The total C0 2 eliminated from the 
unknown sugar was compared with that from pure d-glucose. As is shown below, 
the C0 2 /mg. sugar corresponds very closely in the two instances: 

Pure glucose Hydrolysis product 
fil. fiL 

165*9 1620 

Carrying out a parallel large scale experiment, the yeast-free liquors, after 
fermentation had ceased, were found to contain less than 0*02% of reducing 
material (Macleod & Robison). 

Acetylation. 

This was carried out by the procedure of Haworth and Percival: 


Table V. 

Specimen A 

Amount of starting material (g.) 8*i 

Yield of acetate (g.) 14 

Yield % 


[*]/> in 


(1=2, c=2%) 


+ 170° 


B 

13 

19 


+ 170° 
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Methylation. 

A. 26 g. acetate were treated according to Haworth Sc Percival. After 
10 methylations and subsequent purification, 15*8 g. of methylated glycogen 
were obtained (OMe, 45*6%. [ajjf + 210°: in CHC1 3 : 1= 2, c = 6%). The product 
possessed the appearance and properties described by Bell [1935]. 

B. 19 g. acetate gave, after 8 treatments, 12*50 g. (93%) of methylated 
glycogen. (OMe, 44*8%. [ajjf+207°: in CHC1 3 : Z=2, c=2*l%.) 

Hydrolysis by aqueous acid and separation of cleavage products . 

The procedure followed was exactly as described by Bell [1935] except that 
isolation of the tetramethylglucose in a state of purity, owing to the different 
relative proportions of tri- and tetra-methylglucoses, required that a 5 % solution 
in chloroform of the crude product, obtained after the chloroform water parti¬ 
tions, should be washed four times with one-third of its volume of water. 

A. 15*00 g. were hydrolysed giving: 

2:3:4:0-Tetrame t hylglu cose, 0*901 g.; n„ could not be measured owing to 
crystallization in rcfractometer. [a ]?, 1 in H 2 0, 4-82*1°; m/p. 85-88°; mixed m.p. 
showed no depression; OMe, 52*5 %. 

2:3:6-Trirnethylglueose, 12*650 g.; ri*;\ 1*4758; [a]£ in H 2 0, 4-70°; m.p. 
113-117°; mixed m.p. showed no depression; OMe, 41 %. 

Dimethylglucose , 1*60g; nf, 1*4860; OMe, 30*0%. 

B. 12*40 g. were hydrolysed. A small residue of partly hydrolysed material, 
0*120 g., was isolated [see Bell, 1935]. This was deducted from the amount of 
starting material, making 12*28 g. The following fractions were obtained: 

2:3:4:6-Tetrainethylglueose, 0*768 g.; nj 1*4570: [a]f;* in H 2 04-82°; OMe, 
52*1 %; m.p. 85-88°; mixed m.p., no depression. 

2:3:6-Trimethylglucose, 9*005 g.: nf t ' 1*4740; [a];;’ in H 2 0, 4-70*7°; OMe, 
41*5%; m.p. 111-116'; mixed m.p., no depression. 

Dimethylglucose", 2*347 g.: rij 1*4820; OMe, 32*2%. The refractive index 
and methoxyl content indicate that the dimethyl-fraction here contains about 
25 % of trimothylglucose. Correcting for this, the amounts of trimetbvlglucose 
and dimethylglucose become respectively, 9*592 and 1*760 g. 

No trace of isomeric trimethyJglueoses could be detected. 


Summary. 

Glycogen formed in rabbit livers after ingestion of galactose has been shown 
to have a chemical molecular magnitude corresponding to 18 glucose units, the 
normally formed glycogen so far investigated being built up of 12. The new type 
of glycogen was obtained from two groups of animals, 35 in all. 

The author thanks Sir F. G. Hopkins for his interest and encouragement. He 
is grateful to Dr flans Kosterlitz for the crude material “A”, to Miss M. Stephen¬ 
son for carrying out fermentation experiments, to Mrs 0. Lutwak-Mann for 
performing the phosphorus determinations and to the Technical Staff of this 
Laboratory for their willing assistance. Part of the expenses of the investigation 
was defrayed by the Medical Research Council, 
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CCXXIX. STUDIES ON AMINO-ACID 
DEHYDROGENASE. 

II. ACTIVATOR OF PROLINE DEHYDROGENASE. 

By NALIN BANDHU DAS. 1 

From the Biochemical Institute , University of Stockholm, 

(Received 6 July 1936.) 

In a previous communication [Das, 1936] it was shown that there was present in 
pig kidney a thermostable substance capable of acting as activator of proline 
dehydrogenase. The present investigation was undertaken with the twofold 
object of studying the chemistry of the activator and the occurrence of the 
activator in yeast. Baker’s yeast has been found to be a rich source of the 
activator. In the present investigation cM-proline has been used throughout as 
substrate. 

Extraction of the activator. 

In the earlier paper [Das, 1936] the activator was demonstrated in the 
enzyme solution from pig kidney which had been heated at 80° and pH 8*0 for 
6 min. In the present investigation, in order to ascertain if it were possible to 
obtain the activator from baker’s yeast, 100 g. of the latter (about 80 % moisture) 
were heated with 200 ml. water at 85° and centrifuged after cooling. The centri¬ 
fugate was found to activate proline dehydrogenase considerably even in small 
amount (15*4 mg. solid). It was also proved that the activation was not due to 
the presence of a donator or to non-enzymic oxidation of proline, Table I. 


Table I. 



Enzyme 

Yeast 

Phosphate 

M 


u 1. O t uptake after min. 



solution 

activator 

buffer 

proline 

, - 


>- 


No. 

ml. 

ml. 

ml. 

ml. 

15 

30 

45 

00 

1 

1*0 

— 

1*0 

0*1 

20*2 

57-4 

891 

115*3 

2 

1-0 

0-5 

1*0 

01 

87-1 

161*8 

214*7 

249*0 

3 

10 

05 

10 

— 

— 

— 

— 

— 

4 

— 

0*5 

10 

01 

— 

— 

— 

— 


Method of experiment. 

The oxidation experiments were carried out in the Warburg-Barcroft 
apparatus as described in the previous communication [Das, 1936], The enzyme 
solution was prepared as already described. 

Purification and chemical nature of the activator. 

In order to study the chemical nature of the activator attempts were made 
to obtain it in a relatively concentrated form by methods of precipitation and 
adsorption. Experimental details are given below and the results are summarized 
in Table II. 

It was found that the activator could be adsorbed on animal charcoal, 
frankonit and acid clay from slightly acid solution and eluted by treatment with 
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Table II* 


Enzyme (pH 7-8) (ml.) 

.. 1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

Phosphate buffer (pH 7-8, Jf/20) 

.. 10 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

1-0 

Proline, M . 

.. 01 

0-1 

O-l 

0-1 

0-1 

0-1 

0-1 

0-1 

0-1 

3 experiments: 










Y (16) 

— 

0-5 

— 

— 

■— 

— 

— 

. ~ 

— 

Y (16) a 

— 

— 

0-5 

~~ 

— 

— 

— 

-- 

— 

Y (47) 

— 

— 

- 

— 

0-5 

— 

— 

— 

— 

Y (48) 

— 

— 

— 

— 

— 

0-5 

- - 

— 

— 

V (67) 

..... 

— 

— 

— 


— 

— 

0-5 

— 

Y (68) 

— 


— 

— 

— 

— 

— 

— 

0-5 

0 2 uptake (pl./60 min.) 

75-8 

89-7 

80-5 

188-0 

242-7 

141-5 

135-4 

416-7 

206-3 

Y (7) 

_ 

0-5 

_ 

— 

— 



— 

— 

Y (8) 

— 

-- 

0-5 

— 

— 

-- 

— 

— 

— 

Y (9) 

— 

— 

— 

0-5 

— 

— 


— 

— 

Y (84) 

— 

~. 

— 

— 


0-5 

— 

— 


Y (33) 

_ 

_ 

_ 

— 

— 


— 

0-3 

— 

Y (37) 

_ 

_. 

_ 

— 


_ 

— 


0-2 

0, uptake (pl./60 min.) 

129-4 

242-0 

24S-2 

266-5 

227-9 

291-4 

99-1 

250-7 

242-4 

2 experiments: 










Y (82) 

— 

0-5 

— 

— 

... 

— 

... 



Y (83) 

— 

— 

0-5 

— 



-- 



Y (82 + 83) 

— 


— (0-5+0-5) ~ 

— 

-- 



Y (56) 

— 

— 

-- 

- 

— 

0*4 




Y (61) 

— 

.. 

— 

- - 

— 


0-6 



0, uptake (pL/60 min.) 

235-1 

189-0 

2200 

230-4 

198-1 

254-5 

262-3 



Y (21) 

_ 

0-5 

_ 

_ 


... 

.. 



Y (26) 

— 

_ 

0-5 

- 

— 



— 


Y (25) 

— 


— 

0-5 

— 

— 

- 



Y (101) 


— 

_ . 

— 

... 

0-5 

— 

... 


Y (102) 

— 

— 

— 

— 

— 


0-5 

— 


Ash of Y (101) 


— 


— 


— 

— 

5 mg. 


O, uptake (/d./60 min.) 

53-5 

105 3 

97-3 

60-5 

160-0 

248-0 

249-0 

155-4 


Proline, Jf/2 

0-1 

0-1 

0-1 

0-1 


_ 

— 



Proline, M 

— 

— 

__ 


0-1 

0-1 

0-1 



Y (05) 

— 

0-5 

-- 

— 


— 

— 



Y (97) 

— 

— 

0-5 


— 

— 

. - 



Y (100) 

— 

— 

-- 

0-5 

— 

— 

— 



Y (37) 

— 

— 

— 


— 

0-2 

—. 



Y (42) 

-- 

— 

— 

— 

— 

— 

0-2 



0. uptake (pl./60 min.) 

111-5 

192-5 

198-4 

177-4 

97-8 

241-7 

80-7 




* For description of different fractions see the experimental section. 


alkali from acid clay and frankonit but not from animal charcoal. The loss was 
considerable in the case of frankonit. Attempts to adsorb the activator on 
kaolin and aluminium hydroxide C y (Willstatter) had failed, the activity always 
remaining in the filtrate. Abortive attempts were also made to adsorb the 
activator on aluminium oxide (Merck, standardized according to Brockmann) 
in a “chromatogram ” tube. 

The activator was precipitated by salts of heavy metals such as mercury and 
silver. Attempts were made to precipitate with lead acetate but the activity 
was found to be missing both from the filtrate and the precipitate. Possibly the 
activator was adsorbed by lead sulphide. The filtrate and precipitate combined 
also failed to activate proline dehydrogenase* 

It is probable that the activator is not dependent on the presence of a primary 
amino-group for it is not inactivated by nitrous acid. At pH 5*0 the activator is 
not affected in 8 hours by a current of air at 20° nor is it destroyed by Hg0 2 . 
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Attempts to extract the activator by ether from alkaline solution failed and the 
whole of the activity was precipitated by alcohol. The activator was destroyed 
by ashing. 

Influence of lactoflavin. 

Lactoflavin was incapable of activating proline dehydrogenase showing that 
the activation was not due to the presence of flavin in the yeast extract (Table 
III). 

Table III. 


Lacto- 



Enzyme flavin 
solution (40y/ml.) 

Phosphate 

buffer 

M 

proline 


pi. 0 2 uptake after min. 


No. 

ml. 

ml. 

ml. 

ml. 

15 

30 

45 

60 

1 

10 

10 

01 

43*6 

703 

94*5 

111*5 

2 

1*0 

0*5 

10 

0*1 

29*2 

58-3 

84*5 

99*1 

3 

10 

0*5 

10 

01 

34*2 

591 

84*0 

96*5 


Influence of flavin-enzyme. 


Formerly it was shown [Das. 1936] that flavin-enzyme [Warburg & Christian, 
1932, 1, 2] failed by itself to activate proline dehydrogenase. The possibility was 
next considered that flavin-enzyme might act in combination with the activator 
to catalyse the oxidation of proline by the enzyme; this was however not the 
case (Table TV). 

Table IV. 


Flavin- 

enzyme 




Heated 

0 2 g. 



Enzyme 

enzyme 

m 10 mi. 

Phosphate 

No. 

solution 

solution 

water 

buffer 


ml. 

ml. 

ml. 

ml. 

1 

10 

- - 

--- 

10 

•» 

10 


0*5 

1*0 

3 

1*0 

0*5 

.... 

10 

4 

1*0 

0*5 

0*5 

10 


M pi. O a uptake after min. 


proline 

-- 

-- -- --- 

'- 

— — N 

ml. 

15 

30 

45 

60 

01 

39*6 

92 4 

132*0 

163-7 

01 

32*1 

75-8 

116*6 

145-7 

01 

72*7 

140*4 

188*0 

225*6 

0*1 

77*6 

150*3 

206*0 

249*7 


Experimental. 

Preparation of fractions. 

1. Y (IK) a. 50 ml. yeast extract, prcfiared as described above, were shaken with 5 g. of 
animal charcoal (Merck) at pH 5-0 and left in the refrigerator overnight. Rcmo\al of the charcoal 
by filtration yielded solution Y (16) a. 

1' ( 16 ). The charcoal residue was eluted by grinding with 24 ml. phosphate buffer 
(M/20, pH 7*8) and I ml. I ° w Na 2 C0 8 for 30 mil), and filtered. 25 ml. of clear solution were 
obtained. 

2. Y (48). 40 ml. yeast extract were Btirred with 2g. frankonit at pH 5*0 for 30 min. and 
filtered, 

Y (47), The frankonit residue was eluted by Stirling with 16 ml. phosphate buffer 
(M/20, pH 7-8) and 4 ml. 1 % Na a CO a for 30 min. and filtered, 

3. Y (68), 100 ml. yeast extract were agitated with 5 g. acid clay at pH 5*0 for 30 min. and 
filtered. 

Y (67), The acid day residue was eluted by Htirring with 20 ml. 1 % Na 2 CO s for 30 min. 
The clear filtrate measured 25 mi. 

4. Y (8). 50 ml. yoast extract [Y (7)] were adsorbed with 2 g. kaolin for 120 min. and 
centrifuged. The dear centrifugate formed fraction Y (8). 

5. Y (9). 50 ml. yeast extract [Y (7)] were agitated with 10 ini. suspension of aluminium 
hydroxide C y (Willst&tter) for 120 min. and centrifuged. The clear centrifugate formed fraction 
Y (9). 
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6. Y (84). 50 ml. yeast extract were completely precipitated with 10% merouric acetate. 
The precipitate was washed, suspended in water acidulated with acetic acid and decomposed with 
H a S. The clear filtrate [Y (84)] was freed from H a S by a current of air. 

7. Y (82). 100 ml. yeast extract were precipitated with saturated lead acetate at pH 5-0 and 
centrifuged. The precipitate was washed, suspended in water acidulated with HgS0 4 and decom¬ 
posed with HjS. The clear filtrate [Y (82)} was freed from H g S by a current of air and by distillation 
in vacuo. 

Y (83). The filtrate from the lead acetate precipitate was freed from lead by passing HgS and 
excess of the latter was removed by aeration and vacuum distillation. The final fraction measured 
90 ml. 

8. Y (61). 10 ml. yeast extract [Y (56)] were passed twice through aluminium oxide (Merck, 
standardized according to Brockmann) in a “chromatogram'' column at pH 5*0. The clear filtrate 
measuring 15 ml. formed fraction Y (61). 

9. Y (37). 20 ml. yeast extract [Y (33)] were completely precipitated with 10% AgNO a and 
centrifuged. The silver precipitate was decomposed with HC1 and centrifuged. The clear centri¬ 
fugate measuring 5 ml. formed fraction Y (37). 

10. Y (25). 50 ml. yeast extract [Y (21) j were made alkaline (pH 10 0) with NaOH and shaken 
three times with ether, each time with about 10 ml. The ethereal layer was evaporated to dryness 
and taken up in 10 ml. water. 

Y (26). The aqueous layer after ether extraction and freeing from excess of ether formed 
fraction Y (26). 

11. Y (95). 200 g. baker’s yeast were extracted as usual with 400 ml. water and the extract 
was completely precipitated with 10% mercuric; acetate solution. The washed precipitate was 
suspended in water acidulated with acetic acid and decomposed with H 2 S. The clear filtrate was 
freed from H a S by aeration. This solution, measuring 40 ml., was then agitated twice with 2 g. 
portions of acid clay and was filtered under suction. The acid clay adsorbate was eluted twice with 
10 ml. portions of 1% Na a CO s solution; the eluate measuring 20 ml. formed fraction Y (95). 

12. Y (97). 2 ml. Y (95) were treated with 0-5 ml. “perhydrol” (Merck, “perhydrol” 1 vol. 
and 9 vol. water —10 vol. 3% H a 0 a ), warmed at 40 1 for 15 min. and then evaporated to dryness 
in a vacuum desiccator; the residue was taken up in 2 ml. water. 

13. Y (100). 2 ml. Y (95) were treated with 5 drops of glacial acetic acid and 5 drops of 25% 
NaNOg solution and heated at 90° for 5 min. Presence of excess of HNO a was verified by testing 
with starch-iodide. The solution was then evaporated in a vacuum desiccator and the residue taken 
up in 2 ml. water. 

14. Y (102). 20 ml. yeast extract [Y (101)] were aerated for about 8 hours at room tempera¬ 
ture (20°) at pH 5 0. 

15. Y (42). 1-5 ml. Y (37) [silver fraction] were precipitated with alcohol and filtered, the 
residue being washed with more alcohol. The clear filtrate together with the washing was evaporated 
to dryness under reduced pressure and the residue taken up in 1-5 ml. water. 

16. 10 ml, yeast extract [Y (101)] were burnt to ash. Total weight of the ash was found to 
be 14*8 mg. 


Summary. 

1. An activator of the proline dehydrogenase of pig kidney has been found 
in baker’s yeast. 

2. The activator can be adsorbed on acid clay, frankonit and animal charcoal 
in slightly acid solution and can be eluted by alkali from acid clay and frankonit. 
The loss is considerable in the case of frankonit. Attempts to elute the activator 
from animal charcoal by phosphate buffer (pH 7*8, M/20) and alkali have failed. 
The activator is not adsorbed on kaolin, aluminium hydroxide C y (Willstatter) 
and on Al 2 0 a in a “chromatogram” column. 

3. The activator can be precipitated by silver nitrate and meropric acetate. 

4. The activator is not inactivated by HNO g , Hg0 2 or by aeration. 
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5. The activator is not extracted by ether from alkaline solution and is 
precipitated by alcohol. 

6. Lactoflavin is incapable of activating proline dehydrogenase. 

7. Flavin-enzyme is incapable of catalysing the oxidation of proline by the 
enzyme together with the activator. 

The author is grateful to Prof. Hans von Euler for his interest in this work. 
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Investigations of the changes induced in the metabolism of cells under the 
action of radium or X-radiation have been few, and have led to conflicting results. 
Differences of technique are probably responsible for this lack of harmony. 
Radiation has been applied to cells or their products existing in four different 
conditions: as extracts, surviving slices, cultures in vitro or intact in the organism. 
Whether the results obtained by each of these methods are really comparable is 
an open question. 

Certainly cell extracts containing potent enzymes are relatively insensitive 
to radiation. Hussey & Thompson [1923-26], using radium emanation, reported 
a destructive action on the hydrolytic enzymes trypsin, pepsin and invertase. 
Willcock [1906] found tyrosinase insensitive to large doses of jS-radiation. Crab¬ 
tree [1932] and Havard[1935] showed that succinoxidase partially lost its activity 
after heavy radiation, but Havard [1934, 1935] found indophenol oxidase, 
lactate, citrate and glucose dehydrogenases quite insensitive. It seems doubtful 
if any conclusion as to the mode of action of radiation on the intact cell can be 
drawn from a study of its effects on such isolated systems. 

Using surviving tissue slices Frick & Posener [1926] described a checking 
effect of X-rays on the anaerobic glycolysis of rat and mouse tumours, fowl 
embryos and rat testes, and an inhibition of the Pasteur effect in the case of rat 
testes. Crabtree [1932] found that tissues under constant irradiation in vitro 
gradually lose their power of using oxygen during a period when glycolytic 
processes remain unimpaired. This finding, that respiration is more vulnerable to 
radiation than glycolysis, was confirmed in a series of papers [Crabtree & Cramer, 
1934, 1, 2; Crabtree, 1934] where the possibility of varying the sensitivity of 
tumour tissue to radiation by interference with the respiratory system is de¬ 
scribed. Later Crabtree [1935] showed that the relative vulnerabilities of these 
two energy-yielding processes depended on the temperature of the tissue at the 
time of radiation; at body temperature respiration was primarily affected, at low 
temperature glycolysis could be inhibited almost completely whilst respiration 
was unaffected. It was suggested that the differential damaging of tumour cells 
at low temperature by way of their characteristic glycolytic process might be of 
clinical value. 

Holmes [1933, 1935], using cultures in vitro of embryonic rat kidney, found 
that y-radiation inhibited their rate of breakdown of carbohydrate, but had little 
or no effect on the breakdown of protein. Under similar conditions no effect was 
detected on two special enzyme systems, arginase and lactic dehydrogenase, but 
the latter enzyme was more easily damaged in minced tissues of young than of 
old embryos. 

Irradiation of normal tissues and transplanted tumours in vivo , followed by 
measurements of metabolism at suitable intervals have led to uncertain and 

( 1622 ) 
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divergent results. Adler [1930] irradiated rat testes with X-rays and radium and 
described the metabolic and structural changes induced. He found a progressive 
diminution of respiration with increasing tissue degeneration, accompanied by 
a corresponding rise of aerobic and anaerobic glycolysis. Low-Beer & Reiss 
[1931], using X-rays, and measuring the metabolism of Jensen’s rat sarcoma 1-4 
days after irradiation, claim to have completely suppressed respiration without 
any detectable effect on anaerobic glycolysis or the Pasteur reaction. This 
contrasts sharply with the results of Crabtree [1932] who found some fall in 
respiration of the tissues of J.R.S. similarly irradiated with radium in vivo , 
but this was accompanied by the appearance of abnormally high aerobic glyco¬ 
lysis. These results were put forward with diffidence because of the difficulty of 
obtaining sections which had responded equally to the radiation damage and 
possessed an equal intensity of metabolism. Frick & Posener [1926] likewise were 
unable to obtain homogeneous slices and were sceptical of the significance of any 
results obtained by irradiation in vivo . 

Since the simple procedure of lowering the temperature of tumour tissue 
during irradiation causes selective damaging of the glycolytic mechanism, leaving 
respiration unaffected, it w r as considered of interest to attempt to analyse this 
effect. It seemed possible that one stage of the reactions which occur in the 
breakdown of carbohydrate to lactic acid might be particularly sensitive to 
radiation, since the inhibition of glycolysis by irradiation at low’ temperature 
occurs more quickly and completely than any other biochemical process so far 
studied. Of the two principal schemes suggested as intermediary phases of 
carbohydrate breakdown, that of Neuberg, Dakin & Dudley involving methyl¬ 
glyoxal was more suitable for investigation, since the Embden-Meyerhof scheme 
was evolved from a study of tissue extracts which, owing to their insensitiveness 
to radiation, increase the technical difficulties to be overcome. 

In this paper it is shown that radium radiation applied to highly glyeolvsing 
tissues at 1ow t temperature can suppress total glycolysis almost completely 
whilst glyoxalase activity is unaffected. 

Methods. 

After suitable irradiation of tissue slices, manometrie measurements have been 
made of respiration (Q () ), anaerobic glycolysis (Q*f) and anaerobic glyoxalase 
activity. Q n and Q]f have the significance given in the original work of War¬ 
burg [1926], and anaerobic glyoxalase activity is similarly expressed as a 
function of dry weight of tissue, i.e. 

pi. C0 2 evolved by lactic acid formation in N 2 
hours x mg. dry tissue 

The methylglyoxal used was prepared by the method of Riley et al. [1932]. 
Fractional distillation at low pressure yielded a product containing less than 3 % 
acid and this was used in sugar-free bicarbonate media in a concentration of 
0*013/. The results were similar whether the methylglyoxal was added to the 
Ringer-bicarbonate before placing the manometers in the thermostat, or tipped 
it from a side-bulb after equilibrium at 37*5° had been attained. 

Experiments with untreated tissues. 

Jowett & Quastel [1934] found that glyoxalase activity was proportional to 
the surface area rather than the weight of the tissue, being apparently deter¬ 
mined by the small depth to which methylglyoxal diffuses into the slices. They 
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were unable to determine if there was a limit to glyoxalase activity as the slice- 
thickness decreased. As a preliminary to the radiation experiments, the glyoxa¬ 
lase activities of a series of tissues, including many tumours, were measured in 
order to check this finding. The results confirm the work of these authors to a 
large extent, but it was found unnecessary to calculate the activity per unit area 
rather than per unit weight if the slices were cut as thin as possible, i.e. approxi¬ 
mately 0-2 mm. thick. Since this approaches the limit of thinness of tissue-slices 
which are obtainable in practice with a free-handed razor, and consistent values 
were invariably found, it suggests that the maximum glyoxalase activity is 
closely approached in measurements on such thin slices. In the case of mouse 
tumours which generally contain necrotic patches, which on removal give healthy 
sections of irregular shape, the error introduced by measurement of the surface 
area must be very considerable, and hence the simpler procedure of weighing has 
been used throughout this work. 

In Table I a series of typical results are collected. 

Table I. Glyoxalase activity of different tissues. 

Ringer’s solution containing 0*02.5 M NaHCO, and 0*013/ methylglyuxal. 

Temp. w37*5°. Gas phase **5% CO, in N,. 

Surface Anaerobic Anaerobic 



Time of 

Dry wt. of 

Thickness of 

area (both 

glyoxalase 

glyoxalase 

measurement 

tissue 

slice 

sides) 

activity 

activity (based 

Tissue 

(min.) 

Ong-) 

(mm.) 

(cm. 8 ) 

(based on’wt.) 

on surface area) 

Rat liver 

GO 

2*08 

0*21 

1 

101*0 

76*2 

210 —e 

158 


11 

4*11 

0*41 

1 

46*0 

31*0 

189 

128 


11 

6*20 

0*62 

l 

31*3 -* 

27 6 

194 -+ 

171 

Rat liver 

45 

2*01 

0*2 

1 

67*8 -* 

46*1 

136 -> 

92 



4*41 

0*22 

2 

73*5 

44*1 

162 -+ 

96 


11 

748 

0*25 

3 

61*2 -> 

48*2 

152 -v 

119 

Rat kidney 

60 

2*34 

0*23 

1 

72*7 

46*3 

170 -+ 

108 


2*18 

0*22 

1 

70*1 -v 

40*2 

160 -* 

87 


11 

3*34 

0*33 

1 

52*7 -> 

30*0 

176 -+ 

100 



5*92 

0*59 

1 

36*1 -* 

19-4 

214 -+ 

115 

Rat spleen 

GO 

3*00 

0*30 

1 

59*2 

42-1 

178 -+ 

126 

11 

3*18 

0*32 

1 

54*0 -► 

40*9 

172 

131 


11 

4*93 

0*49 

1 

54*3 -> 

36*0 

208 -+ 

178 


11 

0*01 

1*20 

0*5 

16*7 

110 

200 

132 

Rat pancreas 

45 

7-09 

— 

— 

6*9 

5*9 

— 



14*28 

— 


15*1 -+ 

10*6 

— 




12*55 

— 


9*7 

7*3 

— 



„ 

33*22 

— 

— 

7*0 -+ 

6*5 

— 


Jensen’s Tat sarcoma 

60 

2d 

0*20 

1 

40*5 -* 

38*1 

81 -> 

76 


11 

1*93 

0*19 

1 

40*9 -* 

36*1 

79 -+ 

70 


11 

4*30 

0*43 

1 

20*1 

10-1 

86 -► 

09 


11 

6*30 

1*26 

0*5 

164 

114 

103 -► 

71 

Jensen’s rat sarcoma 

90 

2*06 

0*21 

1 

34*1 

29*6 

70 ~+ 

61 


11 

2*82 

0*28 

1 

28*6 -► 

25*3 

81 -+ 

72 


91 

3*85 

0*38 

1 

21-6 

17*3 

83 -* 

m 

Tar carcinoma 2140 

30 

2*06 

0*21 

1 

41*9 -► 

38*3 

87 -+ 

79 



3*81 

0-18 

1 

47*2-* 

44*0 

85-* 

79 

Crocker sarcoma 

30 

1*95 

0*20 

1 

44*6 -* 

43*2 

87 -+ 

84 


V 

2*01 

0*20 

1 

41*8 

40*4 

84 -► 

81 

37 sarcoma 

30 

1*90 

0*20 

1 

40*7 -► 

30*5 

80-+ 

60 


11 

2*05 

0*21 

1 

384 -*> 

31-2 

79-** 

64 

Glycogen carcinoma 113 

30 

2*56 

0*20 

1 

30*0 -► 

26*2 

79 ~+ 

67 



2*68 

0*27 

1 

32*6 -+* 

25*5 

87 -+ 

68 

Adeno-carcinotna 27 

30 

2*62 

0*26 

1 

38*3 -> 

29*1 

100 ~+ 

76 



2*41 

0*24 

1 

43 5 -+ 

32*5 

105-** 

75 

Tar carcinoma 173 

30 

1*89 

0*19 

1 

28*2 -+ 

25*6 

53-** 

48 



2*10 

0*21 

1 

33*5 -+ 

28*1 

70 -+ 

59 


-> indicates that the values were not constant during the time erf measurement, only the faitfr i and final value* being 
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In the case of normal tissues the degree of activity is of the order found by other 
workers and no comment is necessary except in the case of pancreas. This tissue 
cannot be satisfactorily sliced owing to its soft consistency, and the measurements 
were made on relatively thick masses, with the ratio surface area/weight of a low 
and incalculable order. Yet a very considerable activity is shown, the anti- 
glyoxalase obtained from extracts of pancreas apparently not functioning, or at 
any rate ineffectively when the cells are intact. In the case of tumour tissues 
Jowett & Quastel [1934J found the activity of glyoxalase to be of the same order 
as that of total glycolysis. This contrasts with the results of Platt & Schroeder 
[1934] who reported very low glyoxalase activity in Philadelphia sarcoma No. 1, 
and Walker carcinoma No. 250. The results w ith mouse and rat tumours included 
in Table 1 are in agreement with those of Jowett & Quastel, showing a high 
glyoxalase activity in every tumour strain measured, and moreover being almost 
identical with the high total glycolysis characteristic of transplantable tumours. 
Platt & Schroeder see no evident relationship between the high glycolysis of 
tumour tissue and the low glyoxalase activity w hich they found. If the rate 
of transformation of methylglyoxal into lactic acid determines the high rate of 
glycolysis in tumour tissues, the results given here are not inconsistent with the 
conception that glyoxalase participates in the glycolytic procevss. 

A noticeable feature was the different behaviours in the change of reaction 
rate of normal and tumour tissues. .Jowett & Quastel record a rapid fall in glyoxa¬ 
lase activity during incubation, and a similar effect w r as observed in these experi¬ 
ments with normal tissues. Hut tumour tissues, in most cases, retained 
approximately their initial activity for Jong periods, in two experiments up to 
5 hours. 


Experiment* with irradiated tissues. 

The technique of irradiation has been previously described [Crabtree, 1935]. 
In order to obtain effects as quickly as possible, mixed /?-f y radiation was used 
from two applicators each containing 110 mg. of RaBr 2 , 2H a O spread over an 
area 23 rnm. square. Radiation was applied at low and body temperatures for 
suitable periods, after which the respiration (in phosphate buffer), anaerobic 
glycolysis and glyoxalase activity were measured. Some typical results obtained 
with tumour tissues are collected in Table II. 

Irradiation of tumour tissue at body temperature for 4-5 hours has no damag¬ 
ing effect on the glycolytic or glyoxalase systems. Irradiation at low temperature 
largely suppresses total glycolysis, but leaves glyoxalase activity unimpaired. 
Respiration of tissues irradiated at body temperature was not measured, since 
previous work had shown that effects on respiration are only detectable with 
certainty after the lapse of a longer period than 4-5 hours. 

The dose required to produce a large inhibition of total glycolysis can be 
considerably lessened by the method of divided doses over 5 hours. With the 
radiation intensities available it has been found impossible to shorten the period 
during which this effect is produced, but applications of radiation during the 
first, third and fifth hours, with the tissue at low temperature throughout, 
produce an effect of similar magnitude to that following continuous irradiation. 
Platt & Schroeder [1934] emphasize the necessity of maintaining the co-enzyme 
glutathione in adequate concentration during measurements of glyoxalase 
activity in extracts. It is clear that the prolonged treatment in vitro writh an 
irrigating artificial saline medium and heavy radiation have no effect on cell 
glutathione, since glyoxalase activity remains constant for many hours and is 
not enhanced by the addition of glutathione. 
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Table II. Respiration, glycolysis and glyoxalase activity of tumour 
tissue after irradiation at low and body temperatures. 

Control 

c - A --\ 

Temp. Anaerobic Irradiated 

Time of during glyoxalase - ----^ 

irradia- irra- f^oj (phosph.) activity Anaerobic 


Tumour 

tion t r 
(hr.) 

diation 

W C. 

t -■* 

Initial 

-■’N 

After if 

Initial 

After t r 

Initial 

After i r 

(phosph.) Q'j 

glyoxalase 

activity 

Jensen’s rat sarcoma 

4 

0-5 

8-2 

7-0 

34-3 

35*0 

30*2 

310 

0*8 

80,11*2 

28*3, 30*0 


4 

” 

8-0 

8*2 

29*3 

26-4 

27-0 

28*3 

7*0 

7*1 

25-9, 300 


5 


10*2 

89 

38*9 

350 

27*9 

29*3 

8*0 

5*1 

280, 24*9 


5 


9*3 

9*0 

30*0 

31 *0 

20*0 

290 

7*9 

0*0 

30*1, 25*3 


5 


(v4 

7-0 

37*0 

35*1 

30*2 

20*8 

80 

3*4 

240, 330 


5 


11*8 

9*0 

34*0 

30-2 

240 

30*2 

9*2 

8*3 

28-4, 27*5 


5 


10*0 

91 

3(1*0 

33*0 

32*3 

300 

8*7 

4*9 

350, 27*1 


4 

37-5 

— 

— 

41*2 

42*0 

2(>*3 

28*2 

— 

300 

20*8, 30*5 


4 


— 

— 

30*3 

33*1 

34*7 

300 

— 

29*3 

28*0, 38-4 


5 




30*2 

31*6 

33*5 

20*0 

— 

29*4 

20*5, 28*0 


5 

s> 

— 

— 

40*4 

35*4 

35*8 

300 

— 

35*1 

30 0, 24*8 

Adeno-carcinoma 27 

1 

0-5 

11*1 

12*0 

30*1 

31*3 

38*4 

300 

11*8 

13*1 

33*0, 30*2 


5 


1(H) 

1H 

32(5 

300 

340 

350 

9*4 

7*1 

330, 28*9 


ft 

n 

9*6 

9*3 

35-4 

330 

30*3 

28*1 

11*3 

50 

340, 30*9 

37 sarcoma 

4 

yy 

14*0 

12*3 

34*0 

330 

340 

345-1 

120 

0*0 

33*7, 33*8 


5 


10*2 

HO 

401 

380 

30*3 

35*2 

1()0 

4*2 

340, 35*1 

»» 

5 


11-9 

9*9 

43-2 

41-1 

34*1 

35 1 

LI-0 

3*8 

320, 30*8 


That the glyoxalase activity of tumour tissue is not exceptional in its in¬ 
sensitivity to radiation, is apparent from results obtained by irradiating some 
normal tissues. Table III shows that irradiation at low temperature with large 
doses fails to affect the respiratory system and has little effect on glyoxalase. In 
the case of liver, and to a less extent of testes, the experimental conditions alone 
cause a noticeable fall of glyoxalase activity. The added effect of radiation is 
negligible except in one case of kidney tissue irradiated for 6 hours. Whether the 
glyoxalase activity which then falls spontaneously in liver tissue can be restored 
by added glutathione was not tested. 

Table III. Respiration and glyoxalase activity of some normal 
tissues after irradiation at law temperature. 


Control 



Time of 
irradiation 
at 0° C. 

>r 

Qoi (phosph.) 

t -- A - 

**" — -■*—\ 

Anaerobic glyoxalase 
activity 

Irrai 

Qo t 

hated 

Anaerobic 

glyoxalase 

Rat tissue 

(hr.) 

Initial 

After t T 

Initial 

After t r 

(phosph.) 

activity 

Kidney 

4' 

12-3 

14-1 

73-3 

G8-8 

12*2 

52-3, 40-4 

>♦ 

4 

14*1 

12-3 

59-6 

63-6 

1M 

54-5, 04-5 
38-2, 34-1 

»» 

6 

15*1 

13-6 

62-7 

62-7 

10*1 

Liver 

4 

6-9 

6-9 

65-2 

40-0 

0-5 

30-8, 40-0 

»» 

4 

5-3 

5-6 

48-0 

34-0 

5-7 

30-3, 26-4 

„ 

5 

7*0 

6-5 

51-0 

30-3 

5*3 

26-4, 28-1 

»» 

5 

5*5 

5-6 

44-3 

21-4 

4-8 

17-4, 25-2 

Testes 

4 

9-3 

9-0 

27-6 

20-5 

9-1 

19-6, 17-3 

M 

5 

9-2 

8*5 

24-2 

22-5 

8-8 

17-3, 14-8 

If 

6 

8-6 

8-7 

23-8 

18-4 

8-2 

15-0, 16-0 


Some experiments were carried out with rat retinas to test if the above results 
with tumour tissues were true for another highly glycolysing tissue. This proved 
to be true, and it was found that retina was exceptionally sensitive to radiation. 
It is possible to obtain complete inhibition of glycolysis by irradiating retina at 
low temperature for only 2 hours, and 60-70% inhibition in one hour. This 



TUMOUR ENZYMES AND RADIATION 


1627 


represents the most rapid effect as yet demonstrated on any biochemical process 
in living tissue. It is technically almost impossible to irradiate retinas at body 
temperature and then draw conclusions as to metabolic changes. As was shown 
by Crabtree [19341 retina is exceptionally sensitive to the damaging effect of bi¬ 
carbonate media at 37°, the rapid fall of respiration and glycolysis making 
experiments with radiation of questionable significance. At low temperature, 
however, no metabolic change is obvious after irrigation with bicarbonate media 
for periods up to 4 hours. The general result was the same as with tumour tissues, 
a complete suppression of the sensitive total glycolysis leaving the insensitive 
glyoxalase system intact. Respiration again suffered no damage. Some results 
are given in Table IV. 

Table IV. Changes in the metabolism, of rat retinas after 
irradiation at low temperature. 




C 'ontrol 



Irradiated 


Time of 
irradiation 
(hr.) 

Qn % 

(phoHpli.) 

qV 

Anaerobic 

glyoxalase 

activity 

Q„ t 

(phosph.) 

vv 

Anaerobic 

glyoxalase 

activity 

4 

— 

05-8 

84-5 

— 

(5 3, 11*6 

76-3, 80-2 

4 

13-9 

5(5-3 

<57-2 

13-3 

7 5, 60 

61-8, 5(5-3 

3 

— 

(J81 

82-5 

— 

1H>, 8-9 

740, 78-3 

3 

- - 

49-3 

8(5-4 

— 

5-4, 7 1 

80-3, 74*9 

o 

— 

47-8 

8(5-8 

— 

32, 91 

920, 84*0 

2 

20!) 

771 

78-3 

18-1 

4-5, 9-4 

80-1, 730 

2 

— 

67-4 

82-3 

* - 

7-3, 3 1 

840, 74-6 

2 

23-6 

55*4 

850 

24-2 

(5 0, 4-3 

80-0, 78-0 

2 

— 

(50-2 

76-3 

— 

3-2, 5-7 

69-3, 79-1 

1 

— 

(520 

<58-9 


18-5 >5*8 

69-4, 73-5 

1 

MM 

68-4 

73-2 

17-3 

250 -3 5 

70-1, 67-8 

I 


89-3 

96-1 

— 

27-3 *7-3 

8(5-2, 890 


- > indicate that the values were not constant over the time of measurement (A hr.). Initial 
and final values only are given. 


Discussion. 

It has been shown that it is possible by means of radiation to separate various 
biochemical mechanisms in cells. Respiration and glycolysis, two energy-yielding 
processes normally allied in a relationship determined bv the Pasteur effect are 
differentially attacked, respiration being more vulnerable at body temperature, 
glycolysis at low temperature. Glyoxalase activity, until recently conjectured to 
be essential as a step in the breakdown of hexose to lactic acid, is unaffected by 
radiation which almost completely suppresses total glycolysis. The conception 
that radiation produces a generalized damage to cells, leading to slow degenera¬ 
tion, can no longer be held, and the analysis of the varying vulnerability of 
fundamental biochemical processes seems a hopeful method of approaching the 
clinical problem of selectively sensitizing tumour cells in the host. Some workers 
have utilized the findings of metabolic changes induced in vitro as a basis of 
attempts to destroy tumours in vivo more readily. Moppett & Harker [1936] on 
the basis of experiments by Crabtree & Cramer [1934, 1, 2] injected sub-lethal 
doses of cyanides into living animals bearing transplanted tumours, arid claimed 
that this treatment enhanced the sensitivity of tumours to radiation Pranks et al. 
[1934] injected the maximum dose of iodoacetie acid which could be tolerated 
directly into transplanted tumours intact in the host and found that growth was 
inhibited and more regressions occurred, the inhibitions being more pronounced 




1628 


H. G. CRABTREE 


when this process was combined with radiation. For cases of superficial tumours, 
it seems more hopeful to make use of the suppression of glycolysis at low tempera¬ 
ture as a basis of differential attack on the tumour. 

Since glycolysis is extremely vulnerable at low temperature it would be 
reasonable, by analogy with the known effects of other inhibitors, to anticipate 
an attack on some link in the chain of reactions ending in lactic acid. If methyl- 
glyoxal occupies the prominent position in this chain which has been attributed 
to it, it is clear from the results recorded here that some previous stage, possibly 
the reaction involving phosphorylation of hexoses or the splitting of the hexose 
molecule to the 3-carbon stage, is the primary point of attack of radiation under 
the conditions used. Attempts to demonstrate this have led to no conclusion. 
Hexosephosphates are metabolised at a low level by tumour tissues in vitro . 
After irradiation, no detectable effect on the rate of this reaction was measurable, 
the low values found by other workers [Boyland & Mawson, 1934; Harrison & 
Mellanby, 1930] persisting. 

The separation by radiation of the glycolytic and glyoxalase systems in intact 
cells is unlike the simultaneous effects produced by the well-known chemical 
inhibitors on these systems. 

Meyerhof [1925] found that the glyoxalase activity of brain tissue was largely 
checked whtm the medium was saturated with lieptyl alcohol, and compares this 
with the total checking of glycolysis of tumour tissues by the same agent. 
Fluoride and iodoacetic acid check both systems in varying degrees. Dickens 
[1933] emphasized the difference in the concentrations of iodoacetic acid required 
to check glyoxalase activity in crude and purified liver extracts, the dialysed 
extracts requiring a much lower concentration, of the same order as that required 
to produce the effect in liver slices. Some unsuccessful experiments were made 
during the course of this work to test the possibility of separating glyoxalase 
activity and glycolysis with different concentrations of iodoacetic acid. lodo- 
acetic acid poisoning is a time reaction, and though the rate of checking of 
glyoxalase activity was perhaps a little slower than that of total glycolysis, 
concentrations of 2 to 5 x 10"~ 4 M brought both reactions to a standstill in 
20 min., and lower concentrations were ineffective in separating the two systems 
during the experimental period. 

Jowett & Quastel [1934] used the fact that various chemicals and pancreatic 
extracts inhibit glyoxalase action and glycolysis in a similar manner as a sup¬ 
porting argument in favour of methylglyoxal occupying a key position in the 
main glycolytic process. The experiments outlined here show that argument to be 
invalid, and would harmonize equally well with the scheme of carbohydrate break¬ 
down postulated by Embden & Meyerhof in which methylglyoxal plays no part. 

The rapid fall of glyoxalase activity in vitro observed by previous workers 
encouraged the hope that irradiation at body temperature, or in the presence of 
inhibitors of respiration, might adversely affect glyoxalase activity in a selective 
manner and lead to the reverse way of separating it from glycolysis, but this was 
not accomplished. Glyoxalase activity survived intact in tumour tissue under 
constant irrigation with various media and heavy radiation over many hours. 

Summary, 

1. The anaerobic glyoxalase activities of normal and tumour tissues have been 
measured. All tissues, including pancreas, show a considerable activity, and in 
the case of tumours this is high, and of the same order of magnitude as anaerobic 
glycolysis. 
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2. Rat retina, irradiated at low temperature, is the most sensitive tissue so 
far examined. Suppression of glycolysis can be effected in 1-2 hours. 

3. Total glycolysis and glyoxalase activity can be almost completely separated 
by irradiation at low temperature, since the enzyme glyoxalase is insensitive to 
radiation. 
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CCXXXI. CHOLESTEROL FEEDING AND 
FAT METABOLISM. 

By ROBERT PERC1VAL COOK. 

From the Biochemical Laboratory , Cambridge . 

(Received 17 July 1936.) 

The experiments to be described were undertaken as part of a study of the 
chemical changes produced in artificially induced fatty infiltrations and de¬ 
generations. Recent work has shown that feeding of cholesterol to animals brings 
about well marked pathological changes. The subject of arteriosclerosis and its 
possible relation to dietary cholesterol is dealt with in Cowdry’s [1933] book and 
the later work is reviewed by Brody [1935]. The cholesterol “fatty liver” has 
also been the subject of much investigation and it is mainly with this aspect that 
the writer is concerned. 

Cholesterol and growth . 

(a) Experiments with rats. The animals used were drawn from the piebald 
laboratory stock. Litter-mates of approximately the same weight were taken 
soon after weaning and were 4-6 weeks old. The room in which the animals were 
confined was kept at a constant temperature. The diets fed to the animals were 
made up as shown in Table I. 



Table I. Rats' diets. 

All figures in g. 

Fat-free plus 

Normal 

Normal syn¬ 
thetic plus 


Fat-free 

cholesterol 

synthetic 

cholesterol 

Caseinogen 

23 

23 

23 

23 

Rice starch 

50 

50 

40 

40 

Cane sugar 

22 

22 

17 

17 

Arachis oil 

0 

0 

15 

15 

Salt mixture 

5 

5 

5 

5 

Yeast 

7-5 

7*5 

7'5 

7-5 

Cod liver oil 

0 

0 

2*5 

2-5 

Radiostoleum 

One drop per diem 

0 

0 

Cholesterol (B.D.H.) 

0 

2 

0 

2 

Calories per 300 g. food 

354 

347 

434 

420 


Notes. The caseinogen used for the growth of rats shown in Fig. 1 was “Glaxo physiological 
caseinogen AB”. This is heat-treated ashless caseinogen. In all subsequent experiments, Series B 
“Glaxo ashless casein E.” was usod. This is ashless caseinogen exhaustively extracted with 
alcohol to the maximum possible removal of ether-soluble matter. The salt mixture is No. 185 of 
McCollum & l)avis [1915J. The yeast is a dried yeast preparation of trade name “Ceramealo”, 


The cholesterol was the normal commercial preparation (B.D.H.) and was 
not further purified. It was carefully mixed with the other constituents of the 
diet. No calorigenic value is given to the cholesterol but the cod liver oil is 
counted as dietary fat. The cholesterol intake of the rats is approximately 
0-25 g. per rat per day. 


( 1630 ) 
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Series A (Fig. 1) shows the growth curves obtained when the dietary source 
of caseinogen was the normal physiological caseinogen. Series B (Fig. 2) shows 
the result of using alcohol-extracted caseinogen. This type of caseinogen was 
substituted in the diets to ensure that the extraneous fats were minimum. 



Fig. 1. Growth curves of animals fed on various synthetic diets plus 2 % cholesterol. The weights 
are the average of two males in each series. Series A using physiological caseinogen. 

Fat-free diet; fat-free diet 4 cholesterol: normal synthetic; 

normal synthetic f cholesterol. 



Fig. 2. Series B using alcohol-extracted caseinogen. The weights art* the average of four males in 

each series. Markings as for Fig. 1. 

The males of series A alone are shown, but the female litter-mates were also 
fed and gave the same type of growth curves. The results for the liver and body 
fats of the females are included in Table III. 

Table II gives the calorie intake of the animals and shows that the calorie 
intake of food on the diets is well matched except that in series B then' is a 
significantly decreased intake for the animals on the normal synthetic diet plus 
cholesterol. It will be seen from the figures that the presence of cholesterol 
affects the growth rate in both cases but particularly so in series B. This point 
will be discussed later. The earlier part of the growth curves only is shown. Some 
of the animals in series A were actually fed over 130 days. The difference in the 
food intakes during the later periods between the control animals and those 
fed with cholesterol was not significant. It averaged about 60 calories per rat 
per day. In addition to the animals fed on the synthetic diets a series was put 

105—2 
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Table II. 

Food intake expressed as calories per rat per day on the various diets. The figures are average 
intakes over the period stated in the first column. For series A the diet of 2 male rats is averaged 
and for series B that of 4 males. 

Series A Series B 

Normal Normal 




Fat-free 


synthetic 


Fat-free 


synthetic 

Period of 
feeding 


plus 

chole¬ 

Normal 

plus 

chole¬ 


plU8 

chole¬ 

Normal 

plus 

chole¬ 

days 

Fat-free 

sterol 

synthetic 

sterol 

Fat-free 

sterol 

synthetic 

sterol 

0-15 

32-9 

320 

37-2 

36-7 

25*0 

25*4 

297 

26-5 

15-28 

469 

451 

50*3 

52-5 

35*2 

32*7 

41-6 

30*8 

28-40 

55-6 

45-8 

47-4 

50-5 

43*8 

45-8 

51-3 

34-4 

40-58 

600 

60-3 

60*1 

600 

491 

52-3 

560 

42-3 

58-82 

621 

59*2 

62-6 

60-0 

— 

— 

— 

— 


up on the normal stock laboratory diet. This consists of bread and milk with 
com and greenstuff added. The animals grew well on this diet and the rate of 
growth of normal animals and those taking 2 % cholesterol in their diet is shown 
in Pig. 3. The difference in the curves is due only to the initial difference in the 
weights of the animals. The added cholesterol has little effect on the growth rate. 
Mature animals were also given the stock diet but there was no noticeable effect. 
Thus 4 mature females of average "weight 230 g. fed for 64 days with a diet 
containing 2% cholesterol showed an average increase in weight of 27 g. as 
compared with an increase in the weight of the controls of 20 g. 

At the end of a feeding period the animals were killed by cutting their 
throats under light anaesthesia and collecting the blood which was estimated 
with the carcass. The liver was always weighed as far as possible free of blood. 
Autopsy of the animals revealed that the fatty liver was only to be found in 
those animals which were given the normal synthetic diet, i.e. that containing 
added fat. Those on the stock diet showed no obvious change, a fact that was 
borne out on analysis. It was also observed that the animals showing the “fatty 
liver ” appeared to be generally in a poor state of nutrition. There was very 
evidently less body fat. The carcass was therefore analysed for its fat content by 
the method of Leathes & Raper [1925]. This method does not give any idea of 
the distribution of the lipin material but it serves as an admirable and fairly 
rapid method of estimating total fat. The fats are estimated as fatty acids and 
the cholesterol as the free alcohol together with any other unsaponifiable 
matter. The question of the distribution of the lipins is at present in hand but 
it is not intended to deal with it in this communication. The carcass was 
normally saponified directly, the fur being included. The animals were not 
gutted. About one-sixth the weight of the carcass of KOH added as 50 % solu¬ 
tion was sufficient to saponify the carcass after heating on a water-bath for 
2 hours, alcohol being added after about 1£ hours. The mixture was made up to 
volume and the fat estimated in an aliquot portion. The results obtained are 
shown in Table III. The figures for fat determinations after the food had been 
taken for varying times are shown for the stock diet. It will be seen that there is 
no very marked effect. Normally the animals on the synthetic diets had the 
remains of the previous day’s food in the dishes. It is somewhat more difficult 
with synthetic diets than with the stock diet to ensure the a nim a ls feeding at 
definite times, the tendency being for frequent feeding. Table III shows that the 
cholesterol effect is not very marked until after about 60 days* feed ing . The 
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Table III. The fat contents of the livers and carcasses of control and 
cholesterol-fed rats. 

a is the control animal and 6 the cholesterol-fed. In some experiments two animals were pooled for analysis. 


Carcass 






Days 

Wt.of 

Av. wt. 

Liver 

“Fat" in 

r r 

—A - 

As % of 





on 

animals 

of livers 

as % 

liver 


Diet 

No. 

Sex 


diet 

g* 

g* 

body wt. 

0/ 

/o 

g. fat 

body wt. 

Fat-free 

1 

V 

a 

85 

158 170 

7-5 

4-5 

0*32 

370 

11*85 

Series A 



b 


175 153 

8*1 

4*9 

0*78 

370 

12*0 


2 

3 

a 

131 

298 270 

124) 

4*2 

141 

434 

8*35 




b 


267 260 

11*3 

4-3 

1-33 

38-8 

740 

Series B 

1 

* 

o 

a 

59 

180 210 

9-8 

50 

0*23 

47*6 

12*85 




b 


186 197 

96 

5*0 

0*54 

36*8 

10*25 


2 

3 

a 

87 

180 158 

7-2 

4*2 

2*93 

42*2 

13*2 




h 


186 194 

9-2 

4*8 

3*48 

41*8 

1145 

Normal 

1 

4 

a 

89 

152 188 

8-2 

4*8 

0*21 

43*2 

134 

synthetic 



b 


139 220 

114 

64 

13*8 

34*9 

10-5 

Series A 

2 

> 

a 

107 

302 

12 4 

4*1 

Ml 

— 

-- 




b 


354 

12-8 

3*6 

12*5 

— 

— 


3 

3 

a 

117 

274 

11*5 

4-2 

3*0 

20*0 

7*6 




b 


237 

12*6 

5*3 

12*7 

6*3 

2*7 

Series B 

1 

3 

a 

41 

190 

9*7 

51 

443 

14-2 

7*9 




b 


132 

7*8 

5*9 

8*23 

4*9 

4*0 


o 

o 

a 

63 

230 216 

10-2 

4*6 

M3 

64*6 

154 




b 


162 133 

7*3 

4*9 

10*0 

32*0 

11-6 


3 

J 

a 

73 

190 

8*7 

4*6 

345 

27*8 

15*7 




b 


123 

60 

4*9 

5*25 

9*1 

8*7 

Full diet 

1 

4 

J 

a 

64 

378 

17*6 

4*7 

2*5 

54*2 

15*35 

(laboratory 



b 


382 

18*3 

4*8 

2*63 

61*5 

17*2 

stock diet) 

2 

t 

b 

92 

187 187 

16*7 

4*5 

1-83 

42*6 

114 


3* 

> 

f 

a 

66 

167 

7*3 

44 

2*98 


— 




b 


185 

8*0 

43 

3*78 

— 

— 


4* 

4 

a 

66 

192 

6*9 

3*6 

3*52 


— 




b 


209 

7*7 

3*7 

3-20 

— 

— 


* No, 3, full diet. The animals were killed one hour after feeding. No. 4, six hours after feeding. 




Days 
Pig. 4. 


Pig* 3. Growth curves of rats fed on the laboratory normal stock diet alone and plus 2% chole¬ 
sterol. The weights are the average of four females in each series. 

Pig. 4. Growth curve of guinea-pigs fed on stock diet and on stock diet plus 2 % cholesterol. The 
weights are the average of two animals in each Bet. 
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action on the depot stores of fat estimated as carcass fat is noteworthy. An 
interesting observation with the animals fed on the fat-free diet is the low fat 
content of the liver in the earlier periods of growth and this notwithstanding the 
fact that the depot stores of fat are high. In general it may be said that livers 
with a fat percentage greater than 5 % show the typical “fatty” appearance. 

As the cholesterol effect is so marked with a fat-containing diet the possibility 
suggested itself that the cholesterol was only absorbed in the presence of fat. 
The faeces of some of the animals were therefore collected, the animals being 
placed in metabolism cages. For the estimation of lipins in the faeces, the latter 
were dried at 100° to constant weight. They were then powdered and extracted 
in a Soxhlet apparatus for 2-3 days with light petroleum, b.p. 50-60°. Tho 
results obtained are given in Table IV. 

Table IV. The lipin content and unsaponifiable matter in the faeces of rats 
fed on various synthetic diets. 

Cholesterol 
iu faeees 
as unsa- 

ponifiable Chole- 
matter in sterol in 


Diet and 
no. of rats 


Days 

Dry wt. 
g- 

Total 

lipin 

g- 

Unsaponi¬ 

fiable 

matter 

g- 

faeces 
minus that 
in control 
g- 

food over 
collection 
period 
g- 

Chole¬ 

sterol 

excreted 

% 

Fat-free 

2 

7 

7*7 

0-49 

0-36 

— 

— 

- - 

Plus cholesterol 

2 

7 

11-6 

4-13 

4-01 

365 

38 

96 

Normal synthetic 

1 

4 

1-5 

0*21 

014 

— 



Plus cholesterol 

1 

4 

20 

009 

0-66 

0 52 

0-6 

87 

Normal synthetic 

2 

7 

90 

1-54 

0-34 

— 

— 

— 

Plus cholesterol 

2 

7 

11-5 

415 

2*28 

1-94 

34 

57 


It will be seen from Table IV that there is practically complete excretion on a 
fat-free diet. The absorption is far from complete even on the fat-containing diet. 
Individual differences in the excretion of cholesterol in the case of the rats on 
this diet will be observed, and these are reflected to some extent in differences in 
fat in the liver. Experiments are at present in progress to study the question 
of absorption on diets containing varying amounts of fat. 

(6) Experiments with guinea-pigs. As is well known these animals cannot be 
easily reared on a synthetic diet. The animals were therefore fed on a stock diet. 
This consisted of bran oats and egg yolk (A), and mangold roots or swedes or 
cabbages (B) were also given. The food intakes were on the average per animal 
per day 35 g. A and 40 g. B. The animals used in these experiments were about 
6 months old. The cholesterol was mixed with the foodstuff A so that it was in a 
concentration of 2 %. Thus approximately 0*8 g. cholesterol per animal per day 
was eaten. The growth curves of the control animals and those given cholesterol 
are shown in Fig. 4. 

Tabic V gives the results of the fat estimations on the animals. 

The cholesterol feeding has a marked effect on these animals. A point of 
interest here is that the liver size is greatly increased. The liver of a cholesterol- 
fed animal may be as much as 33 % larger than of the control. 

The question of the absorbability of the cholesterol was alBO investigated. 
The results are shown in Table VI. 

The figure for unsaponifiable matter in the normal diet has been brought to 
the amount present in the same weight of faeces as in the cholesterol-fed animals 
in making the correction for the amount of cholesterol in the faeces. 
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Table V. The fat contents of the livers and carcasses of control and 
cholesterol fed guinea-pigs . 

The second animal in each set has been fed on the cholesterol-containing diet. 




Wfc. of 

Wt. of 

I jver as 

“Fat” 

,-' - 



Days on 

animals 

liver 

°o of 

in liver 


As % of 

No. 

diet 

g* 

g- 

body wt. 

o 

/(> 

g. fat 

body wt. 

1 

40 

445 

JO-5 

3-7 

2-46 

20-8 

40 



409 

200 

50 

12-6 

125 

3-2 

2 

45 

351 

24-0 

70 

1-86 

. _ 

— 



300 

30-8 

10-4 

6-57 

— 

— 

3 

67 

307 

14-7 

40 

2-92 

160 

40 



262 

20-7 

7-9 

0-7 

8-3 

3-6 


Table VI. Cholesterol content of guinea-pig faeces. 


Two 

animals were 

on the normal diet mid three on the same diet plus cholesterol. 

The faeces 

were collected over 4 days. 



Cholesterol in 








faeces as un- 








saponifiable 







Cnsanoni- matter in faeces 

Chole¬ 

Chole¬ 




Total 

fiable 

minus that 

sterol 

sterol 



Dry wt. 

lipin 

matter 

in control 

in diet 

excreted 



g- 

g- 

g* 

g- 

g- 

o 

o 

Normal diet 

95 

l-lO 

0-57 

— 

— 

— 

Plus cholesterol 

113-5 

6-35 

400 

4-22 

8-0 

53 


It will be 800 u that there lias boon very definite absorption of the cholesterol 
in these animals and this notwithstanding the fact that the diet does not contain 
fat in large amounts as does the rats' diet. 


DrserssroK. 

This communication must bo regarded as preliminary in nature. The purpose 
aimed at is a study of the action of cholesterol in producing such marked dis¬ 
orders of fat metabolism. The growth curves show that cholesterol feeding of 
rats maintained on synthetic diets has only one effect and that deleterious. This 
action is found only when the diet contains fat. On fat-free diets there is no 
effect, either beneficial or otherwise, and this has been shown to be due to the 
absence of absorption. On the fat-containing diet the growth rate is decreased 
and the fatty liver develops. On a normal stock diet cholesterol is without action. 
There appears to be an influence of some dietary factor, possibly choline [Best, 
Channon & co-workers], in the difference observed between normal dietary 
caseinogen and caseinogen that has been extracted to remove ether-soluble 
matter. Thus over a period of 60 days while the control animals in both series A 
and B gained 156 g. in weight those given cholesterol in series A gained 139 g., 
those in series B only gained 100 g. With series A there was no significant dif¬ 
ference in the food intakes of controls and cholesterol-fed animals. A similar 
result was found for the females on the same diet. In both series however fatty 
livers were found. As no experiments were made on the absorption of cholesterol 
in the series A animals or in those given the stock diet it is impossible to state 
how much of this action is due to the choline effect. In studies with cholesterol 
it is perhaps pertinent to include a study of cholesterol excretion. In the case of 
the rat the action of the cholesterol appears to depend definitely on the absorp¬ 
tion taking place in the presence of free fat in the diet. Thus on transferring a rat 
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which had been reared on the stock diet to the normal synthetic diet plus 
cholesterol the typical fatty liver developed. With regard to the question of 
absorbability it is of interest that the guinea-pig is able to absorb relatively large 
amounts of cholesterol and this on a diet which contains little fat. The experi¬ 
ments of Page & Menschick [1932] on another herbivore, the rabbit, show that as 
much as 69% of the ingested cholesterol was either destroyed or (to a small 
extent) stored in the animal. 

Some of the organs were subjected to a histological examination. I am 
indebted to Dr T. Day of the Pathology Department for his help. With the rat 
livers although the liver cells were full of fat there did not appear to be any marked 
degenerative or necrotic changes. In the case of the rats the relatively small 
increase in liver weight as compared with that in the controls is to be remarked. 
Examination of the aorta revealed little evidence of atheroma, although there 
were some signs in animals which had been fed for an extended period. On the 
other hand in the guinea-pigs’ livers there was evidence of degenerative changes. 
The liver weight was increased considerably over that of the controls. Sections 
of the liver showed marked degeneration and necrosis, principally central. 
Sections of the aorta showed atheromatous changes. A more extended study of 
the pathological changes is in progress with Dr G. P. McCullagh. 

In comparing the rat and the guinea-pig the species difference and difference 
in diet are to be considered. In general it may be said, however, that the changes 
induced by cholesterol feeding are of the same nature, being different only in 
degree. 

Summary. 

1 . The growth of rats and guinea-pigs fed on various diets containing 
cholesterol has been investigated. 

2. Cholesterol affects the growth curve of rats on a synthetic diet only when 
fat is present. 

3. Guinea-pigs are very susceptible to the action of cholesterol in their 
stock diet, which contains but little fat. 

4. Cholesterol is absorbed by rats only when fat is present in the diet. 

5. Fatty livers are produced in the rats on the fat-containing diet only, but in 
the guinea-pigs on the stock diet also. 

6 . There is a marked decrease in the depot fats. The action of the cholesterol 
appears in part to be in mobilizing the fat in the liver. 

It is with much gratitude that the writer thanks Sir F. G. Hopkins for his 
very great kindness and the hospitality of his laboratory. He is also indebted 
to the Medical Research Council for a personal grant. The animals were in the 
competent hands of Miss V. R. Leader to whom his thanks are due. 
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CCXXXII. RESPIRATION AND KETOGENESIS IN 
THE “CHOLESTEROL” FATTY LIVER. 

By ROBERT PERCEVAL COOK and NORMAN LOWTHER EDSON. 1 

From the Biochemical Laboratory , Cambridge . 

(Received 18 July 1936.) 

The respiration of tissue slices cut from normal and fatty livers has been investi¬ 
gated by Welch et al. [1935], who found that oxygen consumption decreased 
regularly with increasing fat content. The fatty livers were produced by feeding 
on a diet low in choline; and these workers were concerned with the effect of 
choline on the oxygen consumption. Best et al. [1936] consider that the diminished 
oxygen uptake cannot be attributed wholly to dilution of active protoplasm with 
fat. 

We have studied respiration and ketogenesis in the livers of a small number of 
rats and guinea-pigs which were fed on various diets adequate with respect to 
choline, but containing 2% of cholesterol. Since some of the livers showed 
extensive fatty infiltration, it was thought that this change w'ould be reflected in 
the respiratory and fatty acid metabolism. 

Methods. 

The composition of the diets, the methods of fat estimation, the effects on 
growth and the pathological appearances are described in the preceding paper 
[Cook, 1936]. Respiration and ketone-body formation were investigated by 
means of the tissue slice technique. 

Conical Warburg cups with one side-bulb were used. The liver slices (about 
20 mg. dry weight) were immersed in 3-0 ml. phosphate saline [Krebs, 1933], 
pH 74, and shaken under an oxygen atmosphere for 2 hours at 37*5°, during 
which the oxygen consumption was measured. After removal of the slices and 
the caustic alkali acetoacetie (/3-ketonic) acid w*as determined manometrically by 
the aniline citrate method (Edson, 1935]. 

The metabolism is expressed by the usual quotients, Q iU and Q , calculated 
from dry weights of tissue. 


Experimental results. 

The data concerning the animals, the diets, liver weights and percentages of 
ether-extractable lipins (liver “fat”) are given in Table I. Respiration and 
ketogenesis of control and of cholesterol-fed animals were examined both in the 
absence of added substrate and in the presence of sodium butyrate, the initial 
concentration of which was 0*01 M (Table II). The serial numbers of experiments 
in Table II correspond to those in Table I. 

Discussion. 

The results show the following facts. 

1 . Rats which received the stock diet (Exp. 1) and the fat-free diet failed to 
develop fatty infiltration in spite of cholesterol feeding. The livers of these animals 
gave a normal respiration in absence of added substrate and the usual increase 

1 Beit Memorial Research Fellow. 
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Table I. Liver changes in rats and guinea-pigs fed on diets 
containing 2 °/„ of cholesterol. 





Wt. of 


Wt. of 

Naked-eye 

No. of 



Days on animal 


liver 

appearance 

exp. 

Diet 


diet g. 

Sex 

8- 

of liver 




A. Rats. 




1 

Stock diet 


20 378 

6 

17*6 

Normal 


Stock diet + cholesterol 

382 

18*3 

»* 

2 

Fat-free 


131 284 

o 

12 

Normal 


Fat-free -f cholesterol 

265 


11-3 

»» 

3 

Normal synthetic 


41 190 

■ft 

o 

9*7 

Normal 


Normal synthetic 

l cholesterol 132 


7*8 

Fatty 

4 

Normal synthetic* 


107 302 

M 

12*4 

Normal 


Normal synthetic + cholesterol 354 


12*8 

Fatty 

5 

Normal synthetic 


117 274 

■ft 

11*5 

Normal 


Normal synthetic -{- cholesterol 237 


12*6 

Fatty 




B. Guinea-pigs. 




6 

Stock diet + cholesterol 

15 265 

ft 

U 

13 

Normal 

7 

Stock diet 


40 445 

ft 

o 

16*5 

Normal 


Stock diet -r cholesterol 

409 


20*0 

Fatty 

8 

Stock diet 


57 367 

■ft 

14*7 

Normal 


Stock diet + cholesterol 

262 


20*7 

Fatty 


Table IT. Respiration and ketogenesis in liver slices of 





the same animals . 







Controls 

Cholesterol-fed 

animals 

No. of 



Liver “fat” 



Liver “fat’ 

exp. 

Substrate 

Qo 2 

^Ar»u % 

Qo 2 

Q Vftu 

o, 

/o 




A. Rats. 




1 

Nil 

-101 

0*97 2*50 

- 10*2 

0*77 

2*63 


Butyrate 

14-9 

4-88 — 

- 14*8 

3*05 

— 

2 

(a) Nil 

-12-3 

0*23 1* 41 

- 13*7 

0*57 

1-33 


Butyrate 

-16-3 

2-13 

-16*4 

2*75 

— 


(b) Nil 

- 14-2 

0*46 0*23 

-13*2 

0-44 

0*54 


Butyrate 

- 17-5 

3*82 

-16*2 

2*62 

— 

3 

Nil 

-12-3 

1-23 4*43 

12*4 

1*01 

8*25 


Butyrate 

-14-3 

4*54 — 

-13*2 

4*72 

— 


Glucose, 0*01 M 

-12-9 

1*26 — 

-12*3 

0*98 

— 

4 

Nil 

-12*5 

0*87 Ml 

- 9*5 

1*07 

12*5 


Butyrate 

-14-8 

3*01 — 

-10*6 

2*89 

— 

5 

Nil 

-13*4 

0*72 3*6 

- 9*4 

1-31 

12*7 


Butyrate 

-15-5 

3*93 — 

-10*7 

3*18 

— 




B. Guinea-pigs. 




6 

Nil 

— 

— — 

-6*4 

0*46 

2*39 



— 

— — 

-6*8 

0*43 

_ 


Butyrate 

— 

— — 

-9*6 

2*21 

— 



— 

— — 

-9*8 

2*12 

— 

7 

Nil 

-5*6 

0*08 2*46 

-5*3 

0-47 

12-6 



-5*8 

0*11 — 

-5*5 

0*47 

_ 


Butyrate 

-9*8 

248 — 

- 8*8 

1*95 

_ 



-9*6 

2*26 — 

-8*6 

1*78 

— 

8 

Nil 

-7*1 

0*49 2*92 

-7*0 

0-07 

6*70 


Butyrate 

-101 

1*96 — 

-9*9 

1*03 
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of oxygen uptake and ketone-body formation in presence of butyrate. The guinea- 
pigs which were killed after 15 days on the stock diet plus cholesterol also 
presented a normal metabolism (Exp. 6). 

2 . Guinea-pigs kept on the cholesterol-containing diet for a longer period 
exhibited no significant change in respiration, but the ketone-body formation in 
presence of butyrate was less than that of the controls (Exps. 7 and 8). 

3. The liver tissue of rats fed on the normal synthetic diet plus cholesterol 
for a long period (Exps. 4 and 5) had a significantly lower respiration than the 
controls both in presence and absence of added butyrate. The values of 
show no significant differences except in Exp. 5. In Exp. 3 where the time was 
shorter and the fat deposition less the diminished oxygen uptake was not 
observed. 

4. The “spontaneous” ketogenesis (i.e. in absence of added fatty acid) found 
in the cholesterol fatty liver is not of such a high order as that which occurs in 
livers of rats starved 24 hours. In such animals the value of Q Will . is 2 to 2*5 or 
even higher. 

The metabolic quotients were recalculated on the basis of “ 1 fat-free"* dry 
weights, but the figures were not sufficiently numerous to permit an analysis 
that would prove or disprove the view that the lowering of respiration is caused 
by dilution of active tissue with fat. In general it may be stated, however, that 
there are no great changes in respiration or ketone-body formation in the fatty 
livers which we have examined. 

One', of us (R. P. C.) is indebted to the Medical Research Council for a 
personal grant. Our thanks are due to Sir F. G. Hopkins for his encouragement. 
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CCXXXIII. ISOLATION OF ACETIC ACID 
FROM MAMMALIAN LIVER. 

By ROBERT PERCIVAL COOK and KENNETH HARRISON. 

From the Biochemical Laboratory , Cambridge . 

(Received 18 July 1936.) 

In view of the generally implied importance of acetic acid as a degradation or 
fission product in intermediary metabolism, it is remarkable that no significant 
quantities of this substance have been found in mammalian tissues. The work 
which is described in this paper arose from an investigation of the alcohol- 
soluble constituents of ox liver, in the course of which 2:4-dinitrophenylhydrazine 
was added to the suitably concentrated extract in the hope of isolating carbonyl 
compounds of importance in intermediary metabolism. In addition to finding as 
a hydrazine derivative one compound which evidently possesses carbonyl groups, 
acetic acid was noticed in the form of its 2:4-dinitrophenylhydrazide. The results 
are also of interest aB much for what was not discovered as for what was: 
acetaldehyde, pyruvic acid and kindred compounds appeared to be totally absent, 
although the experiments were done in the presence of sodium bisulphite (the 
“Abfang” method of Neuberg). The use of bisulphite has been successful in the 
investigation of muscle metabolites [Case & Cook, 1931] and there is no reason to 
suppose that intermediates containing the CO grouping would fail to be detected 
in mammalian liver using the same technique. 

Experimental. 

Isolation of hydrazide. About 4 kg. (101b.) of ox liver obtained from the 
slaughter-house less than an hour after killing were minced into a solution of 
100 g. sodium sulphite (dissolved in 250 ml. water and saturated with sulphur 
dioxide). The mass was ground with sand (1 kg.), allowed to stand 15 min., and 
the protein removed by precipitation with 2 litres of 97 % alcohol. The thick 
paste was squeezed as free from liquid as possible by means of a hand screw- 
press and the extraction repeated with a further litre of alcohol. The united 
filtrates were kept at 0° overnight, centrifuged from protein, filtered through 
kieselguhr and evaporated down to small bulk (about 500 ml.) in vacuo at 30-40°. 
A certain amount of protein separated and was removed by filtration. A slight 
excess of cone. HC1 was then added and most of the S0 2 blown off in a current 
of air. The solution was adjusted with HC1 to make the solution approximately 
2 N f and 30 g. of 2;4-dinitrophenylhydrazine dissolved in 20 ml. cone. HC1 were 
added. After a further passage of air through the solution it was allowed to stand 
for 24 hours at 37°. 

The precipitate, which included some unchanged reagent, was centrifuged 
off, boiled several times with 10 % alcohol and filtered. The residue was reserved 
for the osazone preparation. The cooled united filtrates were extracted 4-5 times 
with 50 ml. lots of ethyl acetate. After drying as far as possible over anhydrous 
sodium sulphate, the extract was evaporated in vacuo to small bulk and set aside 
to crystallize. In 2-3 days orange-yellow crusts separated. After draining from 
the dark red mother-liquor, the semicrystalline mass was dissolved in boiling 
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10 % alcohol, a little blood charcoal added, filtered and allowed to cool; yellow 
plates, which were sometimes tinged a pale reddish brown, separated out. 
Recrystallization was effected from 10% alcohol containing a trace of HC1; m.p. 
195-196° (uncorr.). Analysis: found (Weiler) C, 37-39, H, 3*91; K, 22*07%. 
C 8 H 10 0 6 N 4 requires C, 37*19; H, 3*90; N, 21*71%. Dissolved in pyridine-ethyl 
acetate the substance showed no optical activity. Attempts to determine the 
molecular weight in nitrobenzene or glacial acetic acid gave anomalous results, 
which suggested that the substance was hydrated or contained water of crystal¬ 
lisation. Drying at 100° in vacuo over phosphorus pentoxide confirmed this. 
Loss in weight found 7*08% (Weiler), 7*10%; C 8 H 8 0 5 N 4 , H 2 0 requires 7*01 %. 
Analysis of anhydrous substance: found (Weiler) C, 40*24, 40*20; H, 2*89, 
3*09; N, 23*31%. C 8 H 8 0 5 N 4 requires C, 39*98; H, 3*36; N, 23*34%. Mol. wt. 
(eryoscopic) in dry nitrobenzene; found 252; calc. 240. 

The compound is evidently the 2:4-dinitrophenylhydrazide of acetic acid 
[Curtius & Dedichen, 1894; Purgotti, 1894]. The melting-points given in the 
literature vary from 193 to 197°. A specimen prepared by refluxing reagent and 
glacial acetic acid for one hour, pouring into water and recrystallizing, melted at 
195°: mixed with the substance from liver, 195-196°. In crystalline forms and 
solubilities the compounds from both sources are identical. The compound gives 
a red colour with alcoholic potash. It is soluble in a solution of sodium carbonate 
and in this resembles the acid hydrazones. Unlike them, however, it cannot be 
titrated with alkali [Clift & Cook, 1932, 2]. The hydrazide is fairly easily hydro¬ 
lysed and care must be taken that it is not heated in the presence of excess acid. 

Several criticisms may be levelled against the procedure, (a) The acetic acid 
may arise from the ethyl acetate. This possibility is unlikely for several reasons: 
(i) If ethyl acetate be used to extract the reagent from its solution in 2X HC1 
and then the extract be dried and allowed to evaporate spontaneously in the 
usual way, the crystals obtained are those of the unchanged reagent, uncon¬ 
taminated with hydrazide. Many repetitions of this experiment have given 
negative results, (ii) The Neuberg-Case method for the estimation of pyruvic 
acid in muscle employs ethyl acetate for extraction: yet no appreciable quantities 
of acetic acid are formed as an artefact, (iii) The hydrazide is soluble in sodium 
carbonate, yielding a deep red coloured solution. This reaction may be employed 
to isolate the compound without the intervention of any organic solvent what¬ 
ever. Incidentally this fact and the deep red colour obtained with alcoholic 
potash throw considerable doubt on the validity of the Neuberg-Case method for 
the specific estimation of pyruvic acid. The red colour may as well be due to acid 
hydrazides as to acid hydrazones and is therefore no proof of the presence of 
carbonyl compounds. 

Alternatively ( b ) the acetate radical might have been derived from the alcohol 
used or from impurities in the sulphite. Control experiments were performed 
using purified sodium bisulphite (from pure sodium carbonate saturated with 
SO a ). The ethyl alcohol was refluxed for some hours with barium hydroxide and 
redistilled. For extraction, butyl alcohol redistilled from KOH w'as used. Under 
these conditions the same hydrazide was formed and it is difficult therefore to 
resist the conclusion that acetic acid occurs in some quantity in the liver. The 
amount depends on the speed with which it can be treated with bisulphite. Under 
favourable conditions 4 kg. of liver yield about 16 g. of hydrazide, or 4 g. of 
acetic acid, which is therefore present to the extent of nearly 0*1 % of the wet 
weight. 

Isolation of the osazone. The solid residue from the hydrazide preparation, 
which still contains unchanged reagent, is boiled several times with 2 N HC1, 
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washed well, dissolved in pyridine, filtered and reprecipitated by acidification 
with HC1. The process is repeated and the brick-red osazone finally recrystallized 
from 97% alcohol (from which it separates in microcrystalline form): m.p. 175° 
(decomp.) Analysis: found (Weiler) C, 42-32; H, 3-58; N, 20-12%. CaoH^OjgNg 
requires C, 42-5; H, 3*54; N, 19-85%. Mol. wt. in nitrobenzene: found 482; 
calc. 564. 

It may be remarked that the determination of the molecular weight of this 
compound is not facilitated by the fact that its solubility in the ordinary organic 
solvents is very slight. We therefore should like to make a reservation as to any 
definite statement on the exact molecular weight. The compound appears to the 
osazone of a substance of empirical formula C 8 H 12 () 6 . It gives a blue colour with 
alcoholic potash. It is worth remarking that the osazone has the same empirical 
formula as that of the hydrazone of acetoacetic acid [Clift & Cook, 1932, 2]. 

A peculiar fact was noticed during the preparation of the concentrated liver 
extract. The bisulphite-binding power was estimated by the method of Clift and 
Cook [1932,1] and it was found that the titration invariably doubled on concen¬ 
tration. Whether this is due to a reversal of enolisation or to a change involving 
two molecules has not yet been decided. The bisulphite-binding power is largely 
destroyed on heating the solution with an excess of alkali. The table gives the 
iodine equivalent of bisulphite-binding substances in various batches of liver 


extract. 

Wet weight of 
liver 

Table 1. 

ml. of N /10 iodine 

r ^ 

Before con- After 

Calculated figures 
for 100 g. liver as 
ml. of A’/10 iodine 
for bisulphite- 
binding compounds 
before concen¬ 

No. 

g- 

centration 

concentration 

tration 

1 

2300 

735 

1200 

32 

2 

4000 

1840 

3960 

46 

3 

2300 

783 

1585 

34 

4 

280 

133 

270 

47*5 


Discussion. 

The most obvious source of the acetic acid is from higher fatty acids either by 
splitting of the chain or by successive /3-oxidations. In the absence of definite 
observations, however, we are not prepared to hold this view to the exclusion of 
other possibilities. The absence of the simpler carbonyl compounds is remarkable 
for these have frequently been postulated in schemes for the intermediary 
metabolism of fats and carbohydrates. The bisulphite-binding power is almost 
wholly, if not entirely, accounted for by the compound which has been isolated 
as an osazone and which appears to contain 8 carbon atoms. This is not improb¬ 
ably a condensation product: attempts are being made to determine its constitu¬ 
tion and the mode of origin. Glucosazone has not been found under the experi¬ 
mental conditions employed. 


Summary. 

1. Acetic acid, as its 2:4-dinitrophenylhydrazide, has been isolated from 
fresh ox liver. 

2. The osazone of a compound apparently containing 8 carbon atoms has 
been shown to represent the major, if not the entire, part of the bisulphite* 
binding compounds of liver extract. 
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CCXXXIV. THE TRANSMISSION OF VITAMIN A 
FROM PARENTS TO YOUNG IN MAMMALS. 

V. THE VITAMIN A AND CAROTENOID CONTENTS 
OF HUMAN COLOSTRUM AND MILK. 

By WILLIAM JOHN DANN. 1 

From the Department of Physiology and Pharmacology, Duke 
University School of Medicine, Durham, North Carolina. 

(Received 30 June 1936.) 

Few data have been recorded on the vitamin A content of human colostrum 
and milk. Kennedy et al. [1923] reported that 10 ml. of milk from women on an 
adequate diet were a sufficient daily dose for the rat. Macy et al. [1927] have shown 
that 2>5-3 ml. daily of pooled milk from wet-nurses in Detroit provided sufficient 
vitamin A for growth and reproduction in the rat; and further, in 3 women on an 
abundant diet studied individually, the milk had a similar vitamin A potency, 
which could not be increased by supplementing the diet with 15 ml. of cod liver 
oil daily [McCosh et al. 1934]. Debre & Busson [1933] prepared from several 
samples of human milk the unsaponifiable matter containing the vitamin A and 
carotene and fed this material to rats on a vitamin A-deficient diet. They found 
that the unsaponifiable matter from 3 ml. of human milk was not a sufficient 
daily dose to keep the rats alive, but double this amount supported life and 
promoted slow growth. None of these workers, however, employed a biological 
test in which the growth-promoting activity of the human milk was compared 
directly with that of a standard source; and in view of the results of Coward et al. 
[1933] only a test involving direct comparison with a standard can be regarded 
as yielding quantitative data. Van Eekelen & de Haas [1934] applied the Carr- 
Price test for vitamin A and the direct colorimetric test for carotene to the 
colostrum and early milk of 4 women and to the later milk of 3 other women and 
concluded that “colostrum contains more carotene and vitamin A than milk 
excreted later on ”; also that the later milk contained about as much carotene and 
vitamin A as cow’s milk. They give no indication of the method by which the 
samples were extracted, which is a technical point of the first importance, and 
examination of their'protocols shows that large variations of vitamin A content 
of samples taken from the same women on successive days were found, suggesting 
a lack of uniformity in the method of collecting the samples. The importance of 
avoiding this is dealt with below. Menken has published [1934, 1] an average 
figure obtained by him for the vitamin A and carotenoid contents of 49 samples 
of human milk; but elsewhere [1934,2] the same figure is stated to be the average 
of measurements of colostrum. 

In an earlier study the writer has shown [Dann, 1933] that the colostrum of 
the cow may be as much as one hundred times richer in vit amin A than the later 
milk of the same animal, and that the colostrum is therefore of considerable value 
in giving the calf at birth a reserve supply of vitamin A. On the hypothesis of 
the complementary functions of the placenta and colostrum in supplying certain 

1 Beit Memorial Research Fellow. 
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materials to the foetus and new bom [Needham, 1931], it would be expected that 
in the human subject with a more highly developed placental barrier than the 
cow, the colostrum would play a less important part in providing a vitamin A 
reserve for the infant. 

In order to test this prediction quantitative data are required for the vitamin A 
contents of the colostrum and milk of a series of women; in this paper such a body 
of data is presented. 

Experimental. 

The collection of colostrum and milk samples. The samples examined were all 
collected from patients in the obstetrical wards of Duke Hospital, Durham, 
North Carolina. The patients included both white and negro women, from both 
town and country districts, but all alike were poor and subsisted on the poor diet 
common to the poor classes in the Southern states. No control of their diet before 
entering the hospital was possible, except that those patients seen in the pre¬ 
natal clinic were advised to take cod liver oil, tomato juice, iron and calcium 
during pregnancy. In the hospital the patients received a varied and liberal 
diet arranged by the dietist. 

The procedure adopted in collecting the samples of colostrum and milk was 
arranged so as to avoid as far as possible the influence of known disturbing factors 
on the concentration of the various constituents. Widdows & Lowenfeld [1933] 
have shown that the fat eon ten t of a sample of milk from a given patient is 
dependent upon the pressure exerted on the areola and nipple during extraction 
and inversely dependent upon tin* quantity of milk in the breast at the time the 
sample is taken, precisely as is found in milking cattle. Although evidence will 
be presented below to show that the secretion of vitamin A into the milk does not 
proceed parallel with the secretion of fat, the vitamin A in the milk is undoubtedly 
dissolved in or linked to the fat, and it is necessary to adopt a. uniform method 
of extracting samples which will control the effect of pressure and of volume of 
milk in the breast. All samples were therefore extracted by use of the Abt 
mechanical breast pump, set to give a maximum negative pressure of 8 lb. per 
square in. An attempt was made to extract the sample of colostrum from each 
patient as soon after delivery as w r as possible, and if the flow had not commenced, 
attempts were made at intervals until the sample was obtained. The time after 
delivery until the sample of colostrum could be extracted varied from 4 to 110 
hours, but the sample was always taken soon after secretion commenced. The 
samples of later milk were taken shortly l>efore the patient left the hospital, and 
were all taken from the full breast approximately 5 hours after the infant had 
suckled it (this period tx'ing possible because the breasts w ere suckled alternately 
at successive 4-liourly feedings). It was almost always found to be quite easy to 
obtain 20 ml. of milk, or t>etween 5 and 20 ml. of colostrum in this way. 

Examination of the sampler. The volume of the sample was determined and it 
was digested with concentrated KOH solution. The vitamin A and carotenoids 
were extracted and measured colorimetricallv, the whole process being carried 
out exactly as previously described for cow f, s milk [Dami, 1933], The results are 
expressed in yellow units (Y) of carotenoids and blue units (B) of vitamin A, 
calculated by the method of Moore [1929]. As the yellow value of pure /3-carotene 
on this scale is about 2000 Y per mg. and as 1 B of vitamin A is approximately 
equivalent to 0*6 international unit (i.u.) [Moore, 1936], it is possible to estimate 
the total vitamin A activity of the sample by using the formula (5/6 x yellow units 
of carotenoids + 3/5 x blue units of vitamin A) = i.r. of vitamin A activity. The 
figures so obtained will be maximum values because the yellow colour measured 
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in the tintometer is not due to pure /?-carotene, but to a mixture of carotenes 
together with some xanthophyll. An accurate evaluation of the vitamin A 
potency due to the pigments in each sample could only be made by fractionating 
the mixture and measuring the amounts of each pigment. In the present work 
this could not be done owing to the small samples available, which were often 
completely used up in the Carr-Price test for vitamin A after the total pigment 
had been measured. It has been established that the pigments of the milk fat 
of cows generally contain about 93 % of carotene [Gillam el al. 1933] but human 
milk fat may contain a smaller proportion of carotene. Palmer [1914], on the 
basis of a rough inspection of two samples of human milk, suggested that about 
half of the pigment present w as carotene. On the other hand, Van Eekelen & de 
Haas [1934] also examined two samples (using the Lovibond tintometer) and 
found that in one the proportion of xanthophyll was too small to determine, 
whilst in the other it was approximately one-seventh of the total pigment. Three 
samples examined by the writer yielded a quantity of pigment sufficient for 
fractionation, and in these the carotene varied from 75% to 90% of the total 
pigment. It was decided therefore that no uniform correction could be applied 
to the figures obtained for the carotenoid content in order to allow for the 
xanthophyll present. 

Data recorded. For each patient studied the age and race were recorded, and 
the number of the birth after which the colostrum was obtained. The date and 
time of birth and of the collection of the samples of colostrum and milk were also 
recorded, so that the length of time between parturition and the collection of the 
samples was known. The data obtained cover 111 women from whom colostrum 
was taken; milk samples were also collected from all except 7 of the group. Of 
the group studied 42 were white and 69 were coloured (that is, full-blooded 
negro, mulatto, octoroon etc.). 

Discussion. 

Before discussing the experimental results collected in Table I it is necessary 
to define the use of the term colostrum. Some wTiters [cf. Hawk & Bergeim, 1931] 
apply this term to the fluid secreted by a mammalian female for a period of 2 
or 3 weeks after parturition, but this usage appears to be indefensible either 
on etymological or physiological grounds. Colostrum is defined by the Oxford 
English Dictionary as ‘‘the first milk secreted after parturition by a mammal 5 ’. 
Moreover, it is known that in species such as the cow where the colostrum differs 
considerably from milk in constitution (e.g. in protein or vitamin A content) a 
rapid change in the constitution of the mammary secretion occurs during the 
first 3-6 days following parturition, to be followed from then until the end of 
the lactation period by very much more gradual changes. In the human subject 
there is a much smaller difference between the constitution of colostrum and of 
milk, but in the one case where a comparatively large difference may occur (in the 
protein content of the colostrum and milk of primiparae only) Lowenfeld et al . 
[1927] found that the rapid change in composition ceased for all patients exa¬ 
mined on or before the sixth day after delivery, which was generally 2-4 
days after the first secretion of colostrum. It seems therefore that from the 
physiological standpoint the term colostrum should be restricted either to the 
first fluid secreted by the mammary glands after parturition or to all the fluid 
secreted before the rapid change in composition ceases. It is important to note 
that while the udder of the cow is filled with colostrum which is suckled reflexly 
by the calf at birth the secretion of colostrum in the human subject does not 
commence until after parturition and may be further delayed for several days. 
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Table I. 

Mean vitamin A content, carotenoid content and estimated total biological activity of all 
samples of colostrum and milk examined and of samples from certain groups of subjects. 



Vitamin A 

Carotenoid 

Estimated 
total biological 


content. 

content. 

activity. 


(B per 

(Y per 

(i.u. per 


100 ml) 

100 ml.) 

100 ml.) 

Colostrum of 111 women 

629 

305 

632 

Colostrum of 42 white women 

488 

301 

544 

Colostrum of 69 coloured women 

715 

307 

683 

Milk of 104 women 

410 

120 

346 

Milk of 38 white women 

415 

106 

337 

Milk of 66 coloured women 

407 

128 

350 

Colostrum of 39 women treated with cod liver 

581 

— 

— 

oil during pregnancy 

Colostrum of 72 women untreated 

658 

— 

— 

Milk of 35 women treated with cod liver oil 

340 

— 

— 

during pregnancy 

Milk of 69 women untreated 

442 

— 

— 


Analysis of the experimental observations. The samples of colostrum were 
obtained as soon as possible after parturition; that is, as soon as sufficient fluid 
had been secreted to allow of the collection of 5-10 ml. of colostrum. The 
period between parturition and the collection of the sample varied in different 
subjects from 4 to 110 hours. 17 samples were collected within 20 hours of 
parturition, 26 samples between 21 and 40 hours after, 44 samples l»etween 41 
and 00 hours after, 17 samples between 01 and 80 hours after, and 7 samples 
more than 80 hours after parturition. On plotting the individual figures for the 
vitamin A content, or for the carotenoid content it was found that each of these 
variables was independent of the interval between parturition and the collection 
of the sample. 

The samples of milk were collected from each subject on the day previous to 
her departure from the hospital, at intervals ranging from 2 to 14 days after 
the collection of the colostrum. 15 samples were collected within 5 days after, 
68 samples from 6 to 10 days after, and 21 samples more than 10 days after the 
colostrum. On plotting the ratio of the concentration of vitamin A in colostrum 
to the concentration in milk against the interval between the collection of the 
samples, no correlation was found, showing that the change in concentration of 
vitamin A had gone to completion before the samples of milk were collected; the 
same was true for the carotenoids. (It must be remembered that the change here 
referred to is the first rapid change in concentration concurrent with the replace¬ 
ment of colostrum by milk. Other more gradual changes in the concentration of 
these constituents may be expected to occur over the whole period of lactation.) 

The age of the subjects varied from 14 to 41 years, and they ranged from 
primiparae to one 11-parous subject. Here again a plot of the data showed that 
neither of these factors could be correlated with the vitamin A or the carotenoid 
oontent of the colostrum. 

In Table I are collected mean values for the vitamin A content, carotenoid 
content and estimated total biological activity of all samples of colostrum and 
milk examined, and also mean values for samples obtained from certain specified 
subgroups of the subjects studied. From these figures it appears that there is no 
significant difference between the vitamin A contents of the colostrum (or milk) 
of white women and of coloured women; also there is no difference between the 
carotenoid oontentsof the milk of the two groups of women, but possibly the higher 
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vitamin A content of the colostrum of the coloured women may be significant. 
This must however remain doubtful until many more data are available on ac¬ 
count of the great range of variation for individual samples from members of each 
group. 

Since the vitamin A content and carotenoid content of human colostrum and 
milk both vary over such wide ranges the mean figures given in Table I are not 
alone sufficient to describe the experimental findings, and some description of the 
distribution of the values obtained is necessary. This is contained in the histo¬ 
grams seen in the figures. In Fig. 1 is shown the distribution of values for the 
vitamin A content, carotenoid content and estimated total biological activity 



Carotenoid content Vitamin A content Estimated total biological 

(Y per 100 ml.) (B per 100ml.) activity (i.u. per 100ml.) 

Fig. 1. Distribution of values found for (a) carotenoid content of colostrum, (6) vitamin A 
content of colostrum, (c) estimated total biological activity of colostrum. 

of the 111 samples of colostrum examined. The vitamin A content varied from 
0 to 2625 B per 100 ml.; 78 samples contained less than 800 B and 50 of these had 
between 200 and 599 B per 100 ml. The carotenoid content varied from 20 to 
1540 Y; 86 samples contained less than 800 Y, and 60 of these contained between 
100 and 299 Y per 100 ml. The estimated total biological activity ranged from 
56 to 2172 i.u. per 100ml.; 80 samples contained between 100 and 799 i.u. per 
100 ml. and 62 of these between 100 and 299 i.u. per 100 ml. Fig. 2 gives corre¬ 
sponding data for the 104 samples of milk examined. Here the vitamin A content 
varied from 0 to 2000 B per 100 ml.; 86 samples contained less than 800 B and 
60 of these contained between 100 and 399 B per 100 ml. The carotenoid content 
varied from 0 to 800 per 100 ml.; 95 samples contained less than 200 Y and 80 
of these less than 100 Y per 100 ml. The estimated total biological activity ranged 
from 0 i.u. to 1860 i.u. per 100 ml.; 62 samples contained between 100 and 299 
i.u, per 100 ml. 

In Fig. 3 the distribution of values of the ratio of concentration in colostrum 
to concentration in milk is given for vitamin A, for carotenoids and for total 
biological activity. The mean values for these ratios are shown in Table II. It 
will be seen that the carotenoids are characteristically somewhat more specially 
concentrated in the colostrum as compared with the milk, than is vitamin A. 



Number of ratios 
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Comparison of human with cow's colostrum and milk . The data recorded here 
afford an interesting contrast to similar data previously obtained for the colostrum 



Carotenoid content Vitamin A content Estimated total biological 

(V per 100ml.) (B per 100ml.) activity (1*0 per 100ml.) 

Fig. *J. Distribution of values found for {a) carotenoid content of milk, (6) vitamin A 
content of milk, (r) estimated total biological activity of milk. 



Range of value of ratio 


Fig. 3. Distribution of ratios found for (a) carotenoid content of colostrum : carotenoid content 
of milk, (6) vitamin A content of colostrum ; vitamin A content of milk, (c) estimated total 
biological activity of colostrom to that of milk. 

and milk of shorthorn cattle [Dann, 1933]. The mean figures for the cow’s 
colostrum were 1263 B of vitamin A and 447 Y of carotene per 100 ml., giving a 
total estimated biological activity of 1065 i.tr. per 100 ml. For the cow’s milk the 
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Table II. 

Mean values of the ratio of concentration in colostrum to concentration in milk for vitamin A 
and carotenoids, and means of the ratio of estimated total biological activities. The means are 
calculated to two significant figures, and two cases in which the ratio was infinity have been 
excluded. 


Mean value of ratio for: 

Vitamin A 

Carotenoids 

Estimated total 
biological 
activity 

For all subjects (102 women) 

24 

4-8 

2-7 

For 37 white women 

21 

50 

2*6 

For 65 coloured women 

2-5 

4*6 

2-7 

For 35 women receiving cod liver 

24 

— 

— 

oil during pregnancy 

For 67 women untreated 

24 

-.... 

_. 


corresponding figures were 30 B of vitamin A and 20 Y of carotenoids per 100 ml., 
giving a biological activity of 35 i.r. per 100 ml. Thus the samples of human 
colostrum examined in this study contained on the average about half as much 
vitamin A and three-quarters as much carotenoids as the cow’s colostrum: the 
total estimated biological activity being about three-fifths as great. On the 
other hand the human milks were much richer than the cow's milks: they con¬ 
tained on the average about fourteen times as much vitamin A and about six 
times as much carotenoids, and their biological activity was about ten times as 
great. The mean value of the ratio of total activity of colostrum to that of milk 
was 35 for the cows examined, whilst it was 2*7 for the human subjects now 
studied. 

Human colostrum as a source of vitamin A for the infant . 

An answer can now be given to the question whether the colostrum of the 
human subject has any special significance as a source of vitamin A for the infant 
at birth, as the colostrum of the cow has for the calf. It has been shown [Dana, 
1933] that the colostrum of the cow contains from 10 to 100 times as much 
carotenoids and vitamin A as the early milk; also that the total output of 
carotenoids and vitamin A on the first day following parturition may be as much 
as 25 times greater than the daily output in the milk 2 weeks later (un¬ 
published observations by the writer). This is due to the favourable combination 
of the high concentration of vitamin A in the colostrum and the large volume of 
colostrum secreted (which may be as great as the daily output of milk later on). 

Among the 104 women yielding both colostrum and milk samples the ratio 
of vitamin A activity of the colostrum to that of the milk was in general much 
less than the same ratio for the cow: the mean figures being 35 for the cow and 
2*7 for the human subject. Also, according to Kuttner & Ratner [1923] the 
total secretion of colostrum by the woman is less than 100 ml., whilst the daily 
secretion of milk 1 week after delivery is about 500 ml. [Camerer, 1912], In the 
human subject then the colostrum does not usually supply the infant with as 
much vitamin A as a single day’s secretion of early milk, and it appears that 
for the human infant the colostrum has no special significance as a source of 
vitamin A. 

It is of interest to note that colostrum so rich in carotenoids and vitamin A 
should be secreted by subjects receiving a poor diet during pregnancy; no figures 
could be obtained for subjects receiving a good diet during pregnancy, but it is 
hoped to extend the study to such a group in the course of further work now in 
progress. 
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SUMMAKY. 

1. Single samples of colostrum were obtained from 111 women shortly after 
secretion commenced and single samples of early milk were obtained from 104 of 
the women several days after the colostrum was taken. The diet of the group was 
uncontrolled, but poor, during pregnancy and liberal after delivery. 

2. Measurements of the vitamin A content of each sample were made by 
the Carr-Price method, and the carotenoid content was also measured by means 
of the Lovibond tintometer. On the assumption that the carotenoid pigment was 
all j8-carotene an estimate was made from these measurements of the total 
biological vitamin A activity in international units. 

3. The vitamin A and carotenoid contents of the colostrum of women of this 
group are of the same order as for cow colostrum, but the vitamin A and caro¬ 
tenoid contents of the early milk of these women while on a liberal diet are much 
higher than those of cow's milk. 

4. The vitamin A and carotenoid contents of the colostrum in this group 
could not be correlated with (a) age of patient, (5) number of birth after which 
colostrum was taken or (c) length of time after birth until colostrum was 
obtained. 

5. The vitamin A content of colostrum was not increased in this group by 
regular ingestion of cod liver oil during pregnancy. 

6. The ratio of concentration of vitamin A in human colostrum to concentra¬ 
tion in human milk is small relative to the ratio for the cow'; in approximately 
70% of the cases examined it was less than 3. As the volume of colostrum in 
the human subject is also small, it appears that human colostrum has no special 
function to perform in providing a reserve supply of vitamin A for the infant 
at birth. 

My warmest thanks arc 1 due to Prof. Bayard Carter of Duke University 
Medical School for much help and for permission to obtain the colostrum and 
milk samples from patients tinder his care; also to Miss M. Lewis and her staff 
for help in collecting the samples. 
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In theory, the enzymic decomposition of urea may proceed along one of at least 
three possible paths: 

1. Direct hydration [Armstrong & Horton, 1912], 

yNHj HO. yNH, 

CO +H,0 -+ C -> CO, f 2NH S 

\nh, ho^ \nh, 

2. Direct hydrolysis to carbamic acid [Yamasaki, 1920; Sumner, 1926], 

.nh 2 /Oh 

co +h 2 o -> nh 3 +co co 2 +nh 3 

\nh 2 \nh 2 

3. Dissociation into cyanic acid [Werner, 1923, 1; Fearon, 1923, 1926], 

/NH 2 

HN:0 -> NH 3 + HN:CO -> C0 8 +NH 3 

\ 0H +H 2° 

Of these possible reactions, the first has always lacked experimental support for 
the existence of the hypothetical hydrated carbamide, and the work of Sumner 
and others has shown that the primary detectable effect of the action of urease 
on urea is the liberation of ammonia and another compound, now recognized to 
be carbamic acid. The third reaction path is the one that Werner has found to be 
followed in the hydrolysis and synthesis of urea by purely chemical methods, 
cyanic acid being an obligatory intermediate in all these changes, and it might be 
expected that the catalytic decomposition of urea would proceed along the same 
lines as those of thermal or alkaline hydrolysis. 

When urea solutions undergoing zymolysis are treated with an excess of 
silver nitrate it is possible to obtain precipitates which resemble silver cyanate 
and differ from silver carbamate in their stability to acids up to pH 5; in higher 
concentrations of acid these precipitates are hydrolysed with liberation of NH 8 
and C0 2 . Furthermore, concentrated solutions of urea undergoing vigorous 
zymolysis were found to give, under appropriate conditions, various colour 
reactions characteristic of cyanates. For these reasons, the present author was 
led to conclude that the primary effect of urease was to catalyse the dissociation 
of the substrate. 

Sumner et al . [1931], working with pure preparations of the crystallized 
enzyme obtained from jack bean extracts, were unable to find any evidence of 
cyanate formation during the early stages of zymolysis; these results have been 
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confirmed by the present writer, using the jack bean enzyme, which necessitates 
the conclusion that the silver precipitates obtained in the earlier experiments were 
silver carbamate protected in some way by the impurities present in the original 
soy bean preparations. Whilst Sumner’s work has revealed the importance of 
carbamic acid as the intermediate reactant in the zymolysis of urea, two 
dependent questions remain unanswered: the form in which urea is attacked by 
the enzyme, and the significance, if any, of the positive reactions for cyanate 
obtained in the later stages of hydrolysis on application of the copper-benzidine 
and other tests. 

From the chemical standpoint, the proof that such a stable solute as urea can 
be deaminated by direct hydrolysis is of much interest; while from the biological 
standpoint, the acceptance of the highly reactive cyanic acid as a possible meta¬ 
bolite in the physiological history of urea has many bearings on the wider ques¬ 
tions of the origin and fate of urea in plants and in animals. 

Criticism of the carbamate theory of zymolysis . 

1. The detection of carbamic acid by the method employed by Sumner does 
not preclude the possible existence of isocyanic acid as its precursor, since 
carbamic acid is the first product of the hydrolysis of cyanic acid [Fearon & 
Dockeray, 1926]. 

2. Quastel [1932] has observed that potassium cyanate protects urease from 
the toxic action of brilliant green, whereas ammonium carbamate has little or no 
effect. This is evidence for combination between cyanic acid (but not carbamic 
acid) and the enzyme. 

3. The carbamide formula for urea affords no clue as to the manner in which 
deamination can occur. The amino-grouping in urea is much more stable than 
that of the acid amides or amino-acids, and does not react with formaldehyde or 
with nitrous acid until it has been unmasked by the addition of a strong acid 
[Werner, 1923, 1]. 


Criticism of the cyanate theory of zymolysis . 

1. The hydrolysis of metallic cyanates in solution is not accelerated by urease. 
When potassium cyanate is added in low concentrations to buffered solutions of 
boiled and unboiled urease kept at temperatures of 10-30° hydrolysis may 
actually proceed more slowly in presence of the active enzyme. 

This difficulty was recognized and evaded in the earlier w r ork by assuming 
that the cyanate liberated by dissociation of urea was in the labile ^o-form, 
HN:CO, whereas the alkali cyanates art? salts of more stable form, HO.CX. The 
existence of this isomerism has been shown from a study of the effect of tempera¬ 
ture on the polymerization of cyanic acid [Werner & Fearon, 1920], and the 
recent work of Birckenbach & Kolb [1935] on the Raman spectrum of the 
cyanate residue has confirmed the occurrence of the two forms of the acid. 

2. Cyanate cannot be detected by the very sensitive copper-pyridine test 
[Werner, 1923, 2], or the copper-benzidine test [Fearon, 1926], in the earlier 
stages of zymolysis, but only in concentrated solutions of urea which have been 
allowed to approximate to zvmolytic equilibrium. This suggests either that the 
oyanate is the result of some side-reaction, or else is an artefact produced by the 
action of the ammonia on the enzyme. 

In order to define the ambiguous position of cyanate in the urea-urease 
system a series of experiments was carried out in presence of reagents capable 
of immobilizing cyanate as well as carbamate. The conclusions reached are: 
(1) carbamic add is formed by the direct deamination of urea, and not by 
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hydrolysis of a precursor; (2) cyanic acid is formed by dehydration of ammonium 
carbamate, and can only appear in the later stages of the reaction when the 
carbamate content has reached a sufficiently high level. 

Application of trap methods of analysis to the urea-urease system . 

Trap methods of analysis are of two kinds: those designed to stabilize inter¬ 
mediate reactants as solutes, and those designed to remove intermediate reactants 
as precipitates. Examples of the first type employed were salts of barium and 
calcium, both of which form soluble cyanates and carbamates. Examples of the 
second type employed were (1) lead, which forms an insoluble cyanate and 
carbamate, and (2) the organic bases, aniline, phenylhydrazine and semicarba- 
zide, all of which form sparingly soluble derivatives of cyanic acid but not of 
carbamic or carbonic acids. 

The sources of enzyme employed were: (i) a high-grade sample of jack bean 
meal, which yielded (ii) the crystallized enzyme according to Sumner’s method; 
(iii) a sample of soy bean meal freed from lipin material by extraction with light 
petroleum and with warm alcohol, and the commercial preparations of (iv) Dun¬ 
ning and (v) Squibb. 

A. Zymolysis of urea in presence of barium and calcium salts . 

Exp. 1 . 50 ml. solutions of Jf/3 urea were treated with 1 ml. of urease solution 
prepared by centrifuging 1 % suspensions of (i), (iv) and (v). The mixtures were 
kept at 10°, and as each became alkaline to phenol red it was neutralized by the 



Fig. 1. Zymolysig of urea in presence of calcium acetate. A , “free ammonia". 

B, “free + carbamate ammonia". C, “Total ammonia". 

addition, every 5-10 min., of M calcium acetate in Mj 40 acetic add. Lx the 
mixture containing urease (v) a precipitate of phosphate appeared 1 after each 
addition of calcium, and was redissolved by further addition of NJ 10 acetic 
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acid. For analysis, triplicate samples were withdrawn. To the first, 1 ml. of 
N HC1 was added, and the mixture kept at 40° to hydrolyze any cyanate or 
carbamate that might be present. Subsequent nesslerization of this sample gave 
the “total ammoIlia ,, value of the mixture. Each of the two remaining samples 
was treated with 4ml. of iVNaOH. The “free ammonia’’ in one sample was 
estimated by nesslerization following centrifugal separation of the precipitated 
calcium hydroxide. The last sample was incubated at 40° for 2 hours in order to 
hydrolyze any carbamate that might be present. Under those conditions, as 
Lewis <& Burrows [1912] have shown, cyanate does not liberate ammonia. 
Subsequent nesslerization of this sample, after removal of precipitated calcium 
carbonate, gave the “free + carbamate ammonia” value of the mixture. 

In all these experiments the value for the “total ammonia” was found to be 
the same as that for the “free4-carbamate ammonia”, which indicates that 
carbamic acid and ammonia are the only identifiable products of the primary 
attack of urease on urea. 

In none of the experiments was any carbonate formation observed during the 
first hour, although ammonia was being liberated continuously. This indicates 
that carbon dioxide cannot be a primary product of the zymolvsis of urea, as 
originally suggested by Armstrong & Horton, but must arise from the hydrolysis 
of the carbamate. 

B. Zymolysis of urea. in presence of lead salts. 

Of the commoner metals available for the fixation of cyanate as an insoluble 
salt, namely, silver, mercury, lead and copper, only lead was found to be 
suitable for use with the enzyme. Now, although, as Sumner had pointed out, 
Pb ions, even in very low concentration, are highly toxic to pure crystallized 
urease, it is a remarkable fact that the crude jack bean extracts continue to 
attack urea even when the enzyme has been completely precipitated by lead 
acetate and is no longer in solution. 

Exp . 2 . 1(K) ml. of M urea were treated with 5 ml. of a centrifuged 5% 
aqueous extract of jack bean. The mixture was kept at 10\ and as it became 
alkaline to phenol ml it was neutralized from time to time by the careful addition 
of 10% lead acetate in N acetic acid. 

The lead produced a precipitate which carried down the enzyme, but zvmo- 
lysis continued slowly after adsorption as shown by the colour change of the 
indicator in the region of the precipitate. After 4 hours the mixture had received 
4 ml. of the lead acetate solution. The lead precipitate from half of the mixture 
was now collected, washed free from ammonia and urea and dried in a desiccator. 
The remaining half of the mixture was kept for 3 days before collecting the 
precipitate. The precipitates were tested for cyanate by the copper-pyridine test, 
and analyzed for cyanate and carbamate by the method of alkaline and acid 
hydrolysis. In no experiment was there any evidence of cyanate formation. 

Precipitate 1. Wt., 0*41 g. Carbamate, 3*9%. 

Precipitate 2 consisted entirely of lead carbonate together with jack bean 
debris. 

C. Zymoly&is of urea in presence of semicarbazide. 

Concurrently with the experiments on the effect of metallic stabilizers, a 
series was set up to see if an organic compound could be used to trap the hypo¬ 
thetical precursor of the carbamio acid. Aniline, phenylhydrazine and semi- 
carbazide were the bases selected as yielding insoluble ureides with cyanic acid. 
In the relatively high concentrations used, MjlO-M , aniline and phenylhydra- 
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zine had much greater inhibiting effects than semicarbazide, which is in agree¬ 
ment with the results obtained by Myrbach [1926] during his study of the action 
of the aldehyde reagents on yeast saccharase. In lower concentrations, Quastel 
has shown that semicarbazide has a protective action on urease. 

Semicarbazide in acid solution reacts with cyanic acid to form a characteristic crystalline 
compound, hydrazodicarbonamide, H 2 N. CO. NH. NH. CO. NH 2 , the solubility of which is about 
1:7000, at room temperature, and which melts (with decomposition) at 245°. 

Hydrazodicarbonamide occurs in two crystalline forms, according to the conditions of the 
reaction. When a few drops of fresh 0*1 % potassium evanate are added to about 2 ml. of 5% 
semicarbazide hydrochloride the dicarbonamide begins to separate out in a few minutes in the 
form of brilliant tetrahedra. When the semicarbazide reagent is added in small quantities to a warm 
solution of potassium oyanate, which has been boiled for a few minutes to liberate ammonia, the 
dicarbonamide appears as a mixture of tetrahedra and ovoid crystals. 

On recrystallization from warm water the ovoid crystals revert to the tetrahedral form. 
Hydrazodicarbonamide is not dissolved in the cold by N H(-l, A r NaOH, concentrated NH a or the 
commoner non-polar organic solvents. It dissolves with decomposition in hot. glacial acetic acid. 

The semicarbazide reagent was applied to the urea-urease system in two 
ways. In the first set of experiments, M and Mi 3 solutions of urea undergoing 
zymolysis at 10° were neutralized from time to time by addition of M semicarba¬ 
zide hydrochloride. When the reactions had proceeded for 3-6 hours the mixtures 
were acidified by addition of excess of the reagent and left overnight. Next, day, 
and for several subsequent days, samples of each mixture were centrifuged and 
examined for crystal formation, but in no instance was there any sign of 
hydrazodicarbonamide crystals among the enzyme debris. In the second set of 
experiments, the urea and semicarbazide hydrochloride were mixed in equi- 
molecular proportions, and the mixture neutralized with N NaOH before adding 
the enzyme. After zymolysis had continued for 24-48 hours at room temperature, 
the mixtures were acidified with N HC1, and placed in a desiccator. Within 
24 hours a crystalline precipitate began to appear among the debris. The crystals 
consisted chiefly of small ovoids closely resembling the ovoid form of the di¬ 
carbonamide. Along with these crystals were a few tetrahedra, as well as the 
polysaccharide granules which are commonly present in suspensions ot jack bean 
extracts. When crystallization appeared to be complete, the residue was collected 
in a centrifuge-tube, washed with concentrated ammonium hydroxide, N NaOH, 
N HC1 and finally with several changes of water. The residue was then extracted 
three times with boiling water, the extracts collected and concentrated. On 
standing, typical tetrahedral crystals began to separate out, which were collected 
and identified as hydrazodicarbonamide by their melting-point. 

Exp. 3. 2 g. of urea and 2 g. of semicarbazide hydrochloride were neutralized 
to phenol red by means of iV NaOH, treated with a suspension containing 75 mg. 
urease (Dunning) and the total volume made up to 25 ml. After zymolysis for 
24 hours the mixture was reduced in a desiccator to about 10 ml. and then 
slightly acidified with N HC1. Crystal formation was observed towards the end 
of the second day, and after a week the residue was collected, washed with acid 
and alkali and twice recrystallized from hot water. The yield of hydrazodi¬ 
carbonamide amounted to 18 mg. 

Cyanate formed under these conditions may have at least three possible 
origins: (i) decomposition of an unidentified impurity accompanying the enzyme 
preparation, (ii) hydrolysis of part of the semicarbazide itself and (iii) action 
of the urease, or possibly an associated enzyme, on one of the reactants in 
the mixture. The third of these possibilities is the most likely, since negative 
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results as regards hydrazodicarbonamide formation were obtained with the 
following mixtures: 

(1) Urease digested with semicarbazide in acid and in alkaline solutions. 

(2) Urease incubated with semicarbazide and ammonium hydroxide, chloride 
or sulphate. 

(3) Urease incubated with semicarbazide and sodium hydrogen carbonate. 

(4) Heat-inactivated urease digested with semicarbazide and urea. 

(5) Heat-inactivated urease digested with semicarbazide and ammonium 
carbamate- car bonate. 

Now although urease does not liberate cyanic acid directly from urea, the 
possibility remains that it, or some accompanying enzyme, is able to catalyze 
the dehydration of carbamic acid in solution in a manner comparable with the 
action of carbonic anhydrase on carbonic acid. 

OH 

HN:C HN:C0 + H*0 

^OH 

Carbamic acid 
(imino-form) 

If this hypothesis be true it might l>e expected that when urease is incubated with 
concentrated solutions of ammonium carbamate-carbonate urea would be 
produced from the union of cyanate and ammonia ; whereas if urease is incubated 
with the same substrate in presence of a cyanate stabilizer it should be possible 
to detect the intermediate reactant. 

Mack & Villars [1923], and Kay L1923] were the first to demonstrate the 
formation of urea by the action of urease on ammonium carbamate-carbonate, 
thus showing that the outline reaction, 

COX 8 H 4 + :>H a <> t-* (XH 4 ),00 3 . 

is capable of being carried out in either direction by the enzyme. Now, Werner 
has obtained a considerable amount of evidence that all the familiar syntheses 
of urea from ammonium carbonate by purely chemical means necessitate (i) the 
formation of carbamic acid, and (ii) its dehydration to cyanic acid, which then 
combines with the ammonia to form urea. 

(■onsoquently. it is of interest to determine if the enzymic synthesis of urea 
retraces the path of deamination in the reverse direction, or if cyanate formation 
represents an alternative route of synthesis. This aspect of the problem has a 
bearing on the origin of urea in lower plants, many of which appear to lie free 
from urease [Fosse, 1916; 1928J. The possibility of course remains that cyanate 
formation is due to the activity of a separate enzyme, quite distinct from urease, 
and present in soy and jack bean extracts that have? not been fractionated by 
Sumner's method of crystallization. 

Before following this line of investigation, which will be made the subject of a 
later research, it is necessary to determine the optimal conditions for the enzymic 
synthesis of urea. These are exemplified in the following data obtained from a 
series of experiments carried out in collaboration with Prof. E. A. Werner, in 
which yields of urea considerably greater than those of previous investigators 
have been obtained. 

The synthesis of urea by urease. 

The enzyme preparations used were: (i) soy bean residues after extraction 
with fat-solvents, (ii) jack bean residues and (iii) urease Dunning. Other prepara¬ 
tions wen? examined also, including several free from urease, in order to test the 
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possibility that the urea might arise from sources other than true reversed 
zymolysis. The substrate was an ammonium carbamate-carbonate mixture, 
which on analysis represented 4-45 2V carbamate and 6*4 N carbonate. In each 
experiment, 25 ml. of the substrate were incubated with the enzyme preparation 
in a closed flask for 8 hours at 55°. 

Table I. Urea formation from ammonium carbamate-carbonate at 65°. 


Enzyme preparation 

Urea yield from 
25 ml. substrate 
mg. 

None 

00 

Jack bean, heat inactivated, 25 mg. 

00 

Jack bean I, 25 mg. 

40 

Jack bean I, 75 mg. 

6-6 

Jack bean II, 25 mg. 

16*2 

Jack bean 11, 500 mg. 

20-3 

Soy bean, 250 mg. 

1*7 

Soy bean, 250 mg. 

1-6 

Soy bean, 750 mg. 

3*2 

Soy bean, lipin-free, 25 mg. 

3*7 

Soy bean embrj r o, dried, 250 ing. 

1*8 

Soy bean embryo, li pin-free, 250 mg. 

30 


The preparation ‘‘Jack bean II” is the urease powder marketed by Messrs Dunning. 


Table II. Incubation of preparations free from urease. 

Urea yield from 
25 nil. substrate 


Preparation mg. 

Takadiastase, 250 mg. 0-0 

Peptone, Merck, 250 mg. 0 0 

Bran, dried, 250 mg. 0*0 

Arginine hydrochloride, 33 mg. (a trace) 


Table III. Incubation of urease preparations with various substrates . 




Urea yield from 

Preparation 


25 ml. substrate 

250 mg. 

Substrate 

mg. 

Soy bean 

A T NaOH 

00 

Soy bean 

N NH 4 OH 

2-5 N NH 4 OH 

0-0 

Soy bean 

00 

Soy bean 

SN NH 4 OH 

00 

Soy bean 

ioath.coo.nh 4 

0-0 

Soy bean 

Carbamate-carbonate 

1-6 

Soy bean 

Carbamate-carbonate 

1-6 

Soy bean 

N -methylammonium- 
motliyl carbamate 

00 


The urea formed was estimated as follows. After incubation, each mixture 
was concentrated to 5 ml. on a water-bath to remove excess of ammonia, then 
diluted with 10 ml. of glacial acetic acid, and treated with 3 ml. of 10 % xanthy- 
drol in methyl alcohol. After remaining for 12-14 hours, the xanthydrol precipi¬ 
tates were removed by filtration, washed with alcohol and ether and dried and 
weighed, according to the technique of Fosse. The precipitates were identified 
as dixanthylurea from their micro-crystalline appearance and their melting- 
point, 260°, as taken in the vapour of diphenylether. 

These experiments lead to the conclusion that the formation of urea by the 
action of urease on concentrated solutions of ammonium carbamate is a true 
enzymic synthesis and not due to the action of the strong alkali cm Urea pre¬ 
cursors. 
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The point of attack in the action of urease on urea. 

If it be conceded that the point of attack in the zymolysis of urea is the 
imino-group, and not the amino-group, as commonly assumed, Werner’s earlier 
objections to the direct deamination of urea can be overcome, and, furthermore, 
the action of urease can be related to those of other enzymes capable of hydrolyz¬ 
ing the C—N linkage. That is to say, the zymolysis of urea is represented as: 

/NH 2 vNH 2 

HjO + HN:C" NH a -f 0:C 

^OH ^OH 


the polar groups, —NH 2 and —OH, serving as points of attachment for the 
enzyme in a manner comparable with that postulated for dipeptidase systems by 
Bergmann et al. [1935], In general, the imino-linkage appears to be sensitive to 
enzyme attack when it appears in compounds containing the configuration 
R—C(OH):N—R, which occurs in many substances capable of exhibiting 
resonance between enol and keto forms. 


HR HR H R 

H a N-~b—CO—N H 2 N-X-C 

Peptide type 


H R 

\/ 

C(OH):N—C -COOH 


R—CO—XHj v* R—C(OH):NH 
Urea type 


Examples of such configurations can be shown to exist at the point of attack in 
natural substrates such as allantoin, arginine, asparagine, guanine, hippuric acid 
and the peptides, and the deamination of a-amino-acids may also be explained in 
terms of oxidative formation and subsequent hydrolysis of an imino-group. 


Summary. 

The following scheme is proposed as representing the changes occurring in 
the urea/urease system: 

/NH. /W 

HN:C HN:C (zwitterion) 

\0H \o- 

t t 

H,0 + urease + NH, 

i / NH « ~H,0 

NH.+O.C ^ HN'.CO 

\()H +H *° (cyanic acid) 

(car bam ie acid) 

\ 

NH, + C0 a 

Notes: The structure of urea . Of tbe five possible structures that may he assigned to urea, it 
is assumed in the above scheme that the unsymmetrical or iso-form is the one attacked by the 
enzyme. While the symmetrical or true carbamide form is found in ureides and substituted ureas, 
according to Werner it is too unstable to exist free in solution. 

Were it present, the zymolysiB of uTea might be expected to follow the lines originally suggested 
by Armstrong A Horton, and result in the simultaneous appearance of ammonia and carbon 
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dioxide in the solution at the start of the reaction. A cyclic or closed form of urea has been sug¬ 
gested by Werner to account for the fact that in neutral solution the amino group is masked and 
will not react with aldehydes, but this can also be explained more simply by assuming that urea 
is in equilibrium with a zwitterionic form, as represented above. 

The unexpectedly high value obtained by Wyman [1933] for the dielectric constant of urea 
solutions supports the suggestion that the solute is present largely in the zwitterionic form. 
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In a previous paper [Wright, 1926J the author recorded the results obtained in a 
study of the rate of reaction between solutions of sodium hypochlorite and certain 
amino-acids and proteins. It was suggested that the rate of utilisation of the 
available chlorine was governed by at least two factors: (1) the possibility of the 
hypochlorite acting either as an oxidizing or as a chlorinating agent, and (2) the 
variable stability of the ehloroamino-derivatives formed by the latter reaction. 
Brief reference was made in the 1 paj>er to the very marked effect of alterations in 
the acidity of the solutions, alterations which changed completely the type of 
reaction curve obtained. Subsequently a number of experiments were carried 
out to determine more exactly the effect of varying pH values on the rate of 
reaction. The results of this additional work were not, however, published. 

Quite recently Norman [1936] has described a detailed study of the action of 
sodium hypochlorite on glycine. As a result of her work she expresses doubt as 
to whether chlorination docs, in fact, take place as an intermediate step in the 
oxidation of glycine by hypochlorite. Since the additional work carried out by the 
present author has a definite bearing on this question it has now been felt desir¬ 
able to publish the results, although these are in an admittedly incomplete 
form. 

Technique . 

The experiments were carried out as described in the previous paper, except 
that the acidity or alkalinity of each system was controlled by the use of strongly 
buffered salt solutions. The solutions employed were: 

for pH 1*0 to 2*0, HC1—KC1 mixtures; 

„ pH 5*0 to 8*0, KH 2 P0 4 —NaOH mixtures ; 

„ pH 8*6 to 10*0, borate—NaOH mixtures; 

„ pH 12*5, jY/ 10 NaOH solution. 

The reactions were carried out for 5-hour periods, the percentage of available 
chlorine remaining at the end of this time being determined by liberation of 
iodine from an acid solution of KI and back-titration with thiosulphate. The 
initial strength of the available chlorine was 0*014 % in all experiments. 

Experiments with glycine and cystine . 

Glycine . Experiments were carried out with glycine over a wide pH range. 
It will be seen from Figs. 1, 2 and 3 that on either side of pH 8*8 the solutions 
showed more or less uniform gradations in the extent to which they reduced the 
available chlorine. All the solutions, with the exception of those at extreme pH 
values (i.e. 1 *0-2*0 and 12*5), gave with low concentrations of glycine a typical 
straight line fall towards zero, and with higher concentrations a typical straight 
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Fig. 1. Effect of glycine in reducing the available chlorine. pl\ range 6*0-8*8 
(initial available chlorine 0*014 %). 



Fig. 2. Effect of glycine in reducing the available chlorine. pH range 9*0-12*5 
(initial available chlorine 0*014 %). 



Fig. 3. Effect of glycine in reducing the available chlorine. pH range 1*0-2 *0 
(initial available chlorine 0*014 %). 
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line rise towards 100%. This confirms the previous work. It will, however, be 
noted that the slope of the initial fall is steepest with the more acid solutions. 
That is to say it requires less glycine to use up a given quantity of available 
chlorine in the acid solutions than in the more alkaline solutions. The whole of 
the available chlorine in the solution is, for example, removed by less than 
0*003 % glycine at pH between 6 0 and 8*8, whilst at pH 12*5 double this quantity 
of glycine is required. The Cl/glycine ratios at these extremes are 4*6 and 2*3 
respectively. This difference can be most readily explained on the assumption 
that in acid solution the glycine is first chlorinated and that the resulting chloro- 
amino-acid is then oxidized by further quantities of hypochlorite, whilst in 
alkaline solution the destruction of available chlorine is due to oxidation alone. 

Turning to the secondary rise, it will be seen that at pH 8*8 there is no 
appreciable reduction in available chlorine when the quantity of glycine present 
exceeds 0*015%. In the previous paper this fact was explained as being due to 
the quantitative formation of the relatively stable ohloroaminoacctic acid which 
would be capable* of liberating iodine from KI in the same quantities as the 
hypochlorite initially present. If this explanation is correct, the lower levels 
attained at pH on either side of 8*8 must be due to a loss of stability in the more 
acid and the more alkaline solutions. At pH 12*5, where presumably no chlori¬ 
nation takes place, there is of course no secondary rise. 

The curves for pH 1-0-15 (Fig. 3) show entirely different characteristics 
from the remaining curves on the acid side of pH 8*8. There is no preliminary fall 
to zero and no secondary rise, but the curves fall to a constant value at between 
25 and 40% of the initial available chlorine. At pH 2*0 the type of curve is 
intermediate. It will be* shown later that similar anomalous curves are given in 
extremely acid solutions by both caseinogen and gelatin. 

Cystine. Only three pH values were used in studying this amino-acid 
(Fig. 4). At pH 8*8 the curve is similar to that obtained in the previous work. 
There is no secondary rise with this amino-acid, the chloroamino-derivative 



Fig. 4. Effect of cystine in reducing the available chlorine. pH range 1*0-12-5 
(initial available chlorine 0 014 %). 


being very unstable and decomposing, with complete loss of available chlorine, 
within 5 hours at room temperature. The ourve at pH 12*5 shows a steeper slope 
than that obtained at pH 8*8, indicating (as noted with glycine) the probable 
double nature of the reaction at the latter acidity. At pH 1*0 the results are 
again anomalous, the fall to zero taking place along two consecutive straight 
lines, one with a steep slope and one with a more gradual slope. 


107—2 



1664 


K C. WRIGHT 


With this amino-acid, one marked difference was observed between the 
reactions taking place in acid and alkaline solutions. With acid solutions the 
liquid remained colourless, except for a slight initial coloration due to liberation 
of chlorine in the solution. With alkaline solutions the liquid rapidly acquired a 
pale straw-yellow colour, the intensity of the colour depending on the concentra¬ 
tion of cystine. This colour was found to be due to the formation of poly sulphides 
which could be decomposed by addition of acid, with liberation of hydrogen 
sulphide. 



Fig. 5. Effect of gelatin in reducing the available chlorine. pH range 10 -12*5 
(initial available chlorine 0*014 %). 



Fig, 6* Effect of caseinogen in reducing the available chlorine. pH range 1*0-12*5 
(initial available chlorine 0*014 %). 
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Experiments with gelatin and caseinogen . 

Similar experiments have been carried out with gelatin and caseinogen 
(Figs. 5 and 6). At pH between 5-0 and 9*0 the curves show a general similarity 
to those obtained in the earlier work, i.e. an initial fall and secondary rise, and a 
final but slower fall in the percentage of available chlorine. The secondary rise 
is smaller and the final fall is sharper with caseinogen than with gelatin, a fact 
which was attributed in the previous work to variations in the stability of the 
chloroamino-derivatives formed as a result of the hypochlorite action. It may 
be noted that with both proteins the highest secondary rise was obtained with 
pH on the acid side of 8-8 and not (as with the individual amino-acids) at pH 8-8. 

The curves for pH 1*0 have an entirely different form from those obtained in 
slightly acid, neutral or alkaline solution. They show, however, a marked 
similarity to that obtained with a glycine-cystine mixture (Fig. 7). 



% concentration of mixed amino-acids (glycine/cystine =4/1) 

Fig. 7. Kffeet of a glycine/cystine mixture in reducing the available chlorine, 
range 10-12-5 (initial available chlorine 0*014 0 o ). 

At pH 12*5 the proteins fail to show the same ty}>e of curve as those given 
with either the individual or the mixed amino-acids. The curves for both proteins 
show an initial fall to a relatively low figure, the available chlorine being reduced 
to a very small fraction of its initial strength. Thereafter the curves rise to 
a constant level of roughly 35 %—the titrations tending to give recurring end¬ 
points. No explanation can be given for this phenomenon. 

One further point may be mentioned. In carrying out a number of supple¬ 
mentary experiments with gelatin and caseinogen it was found that, using a ratio 
of protein/available chlorine of 0*050 %/0*014 % and in solutions of HC1 varying 
between 0*1 and 0*02 N, a precipitate flocculated out within a few minutes. This 
precipitate was slightly yellow and was capable of liberating iodine from KI. 
It was, however, decomposed by the addition of alkali, with the formation of a 
light greenish yellow solution. The precipitate was not formed at other acidities 
and only appeared when the ratio of protein/available chlorine was approximately 
that quoted. 

Discussion. 

In a recent paper Norman [1936] cites experiments which, she states, indicate 
that hypochlorites do not normally react with amino-acids to form chloroamino- 
derivatives, but that 4 'the theory of direct oxidation to cyanide seems at least 
as well founded as that of the formation of chloroamino-acids This is in direct 
opposition to the views expressed by the present author [Wright, 1926] that 
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hypochlorite may act either as an oxidizing or as a chlorinating agent, the 
nature of the reaction depending on the relative quantities of the amino-acid and 
of the available chlorine present. 

In her preliminary experiments with glycine Norman obtained curves which 
were in general similar to those obtained in the author’s earlier work, discrepan¬ 
cies in the rate of reaction probably being due (as she suggests) to differences in 
the alkalinity of the solutions. In her later experiments, however, Norman only 
employed solutions in which there was ‘‘sufficient excess of chlorine to complete 
the reaction ”, that is to say a Cl/glycine ratio greater than 4-25. Her experiments 
were therefore limited to a study of the reactions which take place during the 
initial fall in available chlorine which is shown clearly in Figs. I and 2 of the 
present paper, and which was largely attributed to oxidation in the author’s 
earlier paper. Norman’s conclusions cannot be applied to the remaining portion 
of the curves (i.e. the secondary rise towards 100%), where the Cl/glycine ratio 
falls below 1-0. Only in one instance does she give the results of an experiment 
in which this ratio was approached, namely in a study of the interaction of 
15 mg. glycine with 14*3 mg. Cl. In an im-neutralized solution she found a 
reduction of about 10 % in the available chlorine within 10 hours, the equivalent 
figure recorded by the author for a slightly more alkaline solution being 4 %. In 
a neutralized solution she found a reduction of about 30 % within the same period. 
Commenting on these facts she states that “these results may be more reasonably 
explained on the basis of a slow oxidation rather than as the breakdown of an 
unstable dichloro-compound, which would be expected to be more stable in the 
neutralized experiment than in the untreated experiment ’’. Such an assumption 
is quite unwarranted without experimental evidence regarding the relative 
stability of dichloroamino-derivatives in solutions of varying pH. From the 
results obtained in the present paper it would, in fact, appear that the diehloro- 
amino-derivative of glycine (if formed) is more stable at pH 8*8 than at any pH 
on either side of this value. 

In view of Norman's criticisms of the conclusions set out in the author’s 
earlier paper, it appears desirable to summarize briefly the main facts which 
indicate* that hypochlorites normally react with amino-acids and proteins to form 
(if only as unstable intermediate products) typical chloroamino-compounds. 

(1) It does not appear possible to reconcile a purely oxidation theory with 
the fact that large quantities of amino-acids or proteins cause a smaller reduction 
in available chlorine than small quantities. 

(2) Such anomalous behaviour can be readily explained on the assumption 
that hypochlorite normally acts as a chlorinating agent, and that it is only in 
the presence of a relative excess of hypochlorite that oxidation takes place. 

(3) The fact that the secondary rise in each of the amino-acid-hypochiorite 
curves reaches a maximum at the theoretical point at which a definite chloro- 
amino-derivative would be formed provides strong indirect evidence for the 
existence of such derivatives, though these may vary markedly in their stability 
[Wright, 1926]. 

(4) The evidence presented in the present paper confirms and amplifies these 
conclusions. In particular the variations observed in the quantities of glycine 
required to destroy the available chlorine at different pH show clearly that in 
neutral and moderately acid solutions some intermediate reaction accompanies 
oxidation. 

(5) With cystine such differences were accompanied by visible changes in the 
solutions, chlorine being evolved in acid solution and polysulphides being formed 
in extreme alkaline solution. 
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(6) Under certain conditions it was found possible to isolate a yellow preci¬ 
pitate from the liypochlorite-protein solutions which was capable of liberating 
iodine from KI, presumably through the presence of chloroamino-groups in the 
precipitated material. In this connexion Norman gives the details of an experi¬ 
ment designed to determine the extent of formation of chloroamino-groups in 
treated gelatin. She immersed 0*2 g. of solid gelatin in a solution containing 
60 mg. of available chlorine and determined the available chlorine in the gelatin 
after washing until the washings gave no test for chlorine. Such a technique is 
open to numerous errors. It is somewhat surprising to find that in the present 
work the ratio of gelatin /glycine used by Norman (i.e. 3*6) was precisely that at 
which the yellow precipitate referred to above separated out (i.e. 0-050/0*014, 
or 3*3). It seems probable that Norman s solutions were too alkaline, since the 
curves shown in Fig. 5 of this paper show that in alkaline solutions the reduction 
in available chlorine is at a maximum when the gelatin 'chlorine ratio is about 3*3. 

(7) The views put forward by the author are in conformity with those of 
Dakin [1915], and of Rideal [1910] who concludes that in ordinary disinfection 
hypochlorites leave behind them, as substitution compounds which maintain 
the germicidal powers, the chloroatnines and chloro-proteins. 

Conclusions based on indirect methods of investigation, such as reaction 
velocity studies, are admittedly open to criticism. The relative instability of the 
chloroamino-derivatives of amino-acids and proteins makes their isolation and 
study a matter of the utmost difficulty. Until such studies have been undertaken 
any final interpretation of reaction velocities will not be possible. Nevertheless 
the evidence summarized above does appear to provide strong grounds for 
postulating the formation of chloroamino-derivatives as intermediate products in 
the oxidation of amino-acids and proteins by hypochlorites, except in solutions 
of extreme alkalinity. 

Summary. 

1. The reactions occurring between sodium hypochlorite and various amino- 
acids and proteins have been investigated, using buffered solutions as a means of 
controlling the pH. 

2. The profound influence of acidity and alkalinity on the nature of the 
reactions has been demonstrated. In general it is found that acidity favours 
chlorination and alkalinity oxidation. 

3. The bearing of the results on current theories of hypochlorite action is 
discussed. 
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The physiological importance of acetylcholine in the nervous system has made 
it very desirable to secure further knowledge of the details of acetylcholine 
metabolism in the body. Little is known as yet of the mode of production of this 
choline ester in the tissues. Beznak [1934] has reported that the ester is formed 
in minced frog heart muscle when sufficient eserine is present to prevent its 
destruction by choline esterase. Chang [1935] states that it is formed in vitro 
from placenta. Much more is known [Plattner & Galehr, 1928; Ammon & Voss, 
1935; Stedman & Stedman, 1935, 1] of the breakdown of acetylcholine by an 
esterase which has recently been isolated and purified by Stedman & Stedman 
[1935, 2]. The reader is referred to summaries of recent literature on the subject 
in articles by Gaddum [1935] and by Ammon [1935]. 

Experiments have been undertaken by the authors to determine whether 
acetylcholine is formed as a normal product of metabolism of tissues examined 
in vitro by the Warburg manomctric technique, and the following paper is con¬ 
cerned with a description of the results which have been found so far. 

Technique. Thin slices of tissue were cut from the organs freshly dissected 
from the animal and placed in a manometric vessel containing Ringer solution 
or a phosphate saline solution. The vessel was filled with oxygen, and determina¬ 
tions of the oxygen consumption of the tissue were made, using the well-known 
manometric methods of Warburg. The experimental period varied from 1 to 
3 hours at 37° or at 38-4°, at the termination of which the solution in the mano¬ 
metric vessel was tested for its acetylcholine activity, and the tissue slices were 
removed, washed, dried and weighed. 

Media. Solutions were all made up so as to have an osmotic pressure 
approximately equal to 0-16 M NaCl. The final volume of the medium was 
made up to 3*0 ml. with 016 M NaCl after all other desired substances had been 
added. The hydrogen ion concentration was maintained at pH 7*4 in the experi¬ 
ments to be reported here. 

Tissue slices. The thickness of the slices varied from one experiment to 
another but usually lay between 0-2 and 0-4 mm. Several slioes were employed, 
the total dry weight in each vessel varying from 10 to 20 mg. 

Neutralization of acids. All acids were neutralized before use, solutions of 
sodium salts being prepared. 

Estimation of choline ester. The choline ester was estimated by measuring the 
contraction of the eserinized longitudinal muscle from the dorsum of a leech. 
The muscle, after dissection, was immersed at room temperature in an oxygenated 
saline medium of the following composition: NaCl=0-71%, KC1«=»0-032%, 
CaCl,=0-018%, NaHCO a =0-012%, glucose**0-077%. The final volume of 
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medium in which the muscle was immersed was 7 ml. after the necessary addi¬ 
tions had been made to it. 01-0-5 ml. of the solution from the manometric 
vessel was added to the medium in which the muscle was suspended, the 
amount added varying according to the activity of the solution in producing a 
contraction. Mixing was secured by the steady bubbling of oxygen through the 
medium. A number of contractions due to varying quantities of the experimental 
solution was recorded on a smoked drum by a lever to which the leech muscle 
was attached. These contractions were compared with those made by the 
addition of known quantities of acetylcholine chloride. A process of bracketing 
was employed to obtain the concentration of acetylcholine which on addition to 
the leech muscle produced a contraction most closely resembling that brought 
about by the experimental solution. Each contraction was allowed to take place 
for 3 min., after which the muscle was well washed. 

Before commencing an estimation of choline ester, the leech muscle was 
allowed to stand, slightly stretched, in the oxygenated saline medium for 3-4 
hours. Eserine (0*01 mg.) was added to it and the muscle was again allowed to 
stand for 15-20 min., after which it was washed with the saline medium. Its 
activity was then tested with known quantities of acetylcholine (e.g. 005- 
0-025 y), 1 and its contractions were recorded, the muscle being well washed after 
each contraction and allowed to resume its initial length before the next con¬ 
traction was obtained. Known quantities of the experimental solution were then 
added, the muscle being washed as before, and allowed fully to recover, after 
each contraction. Finally, known quantities of acetylcholine were again added 
and the contractions measured. 

In this wuy it was possible to determine w r ith fair accuracy the activity of the 
experimental solution in terms of acetylcholine chloride. The experimental error 
may be taken to be of the order of 10 %. 

Notation . In accordance with the usual notation the respiration Q 0tt is 
defined as the number of /d. of oxygen (reduced to n.t.p.) absorbed per mg.‘dry 
weight of tissue per hour. 

The symbol R rhV is introduced to denote the rate of formation of choline 
ester. It is defined as the amount of choline ester produced in 1 hour by 100 mg. 
dry weight of tissue ami is expressed in equivalents of y(10~ 3 mg.) of acetyl¬ 
choline chloride. 2 

The following is an example of the manner in which the of a tissue was 
estimated. 0*25 ml. of the experimental solution produced a contraction of the 
eserinized leech muscle, the dimensions of which lav midway between those of 
the contractions given by 0*04 y and 0*05)' acetylcholine chloride. This figure 
could be reproduced at different times in the same leech muscle. Hence 0*25 ml. 
of the experimental solution contained choline ester equivalent to approximately 
0*045 y acetylcholine chloride. Therefore the total quantity present in the 

0*045 x 3 

manometric vessel was equivalent to y~0*54y acetylcholine chloride, 

since the total volume of experimental solution was 3 ml. This was formed in 
3 hours by 13*6 mg. dry weight tissue. Hence R vhE = = ML 

1 A stock acetylcholine preparation (obtained as acetylcholine chloride from Messrs Hoffmann 
La Roche, Ltd.) was prepared in 5% NaH,P0 4 solution. From this stock solution all the high 
dilutions were made. To the final dilutions of acetylcholine was added eserine sulphate (1/7000), 
to correspond with the concentration of eserine in the experimental solutions. 

* To obtain JBchg in terms of equivalents of the base acetylcholine, the recorded values should 
be multiplied by the factor 0*80. 
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Formation of a substance resembling acetylcholine by brain cortex slices in 
vitro. When rat or guinea-pig brain cortex slices are immersed in an oxygen¬ 
ated medium containing glucose (0*16%), phosphate (Mj 30) and saline, and 
allowed to take up oxygen at 37° for 3 hours, the resultant solution, after 
removal of the slices, has no effect whatever on the eserinized leech muscle 
preparation. If, however, there is added to the, medium at the commencement of 
the experiment eserine sulphate at a concentration of about 1 in 7000, the 
resultant solution is strongly active and causes a large contraction of the leech 
muscle preparation. 

The eserine appears not to affect the respiration of the brain slices. Thus in 
one experiment with guinea-pig brain it was found that in the absence of 
eserine *®ChE — $ On = 9*0 (average over 3 hours) and that in the presence of 
eserine JR rhK = 1*3, Q n =9*0 (average over 3 hours). Under no circumstances yet 
has it been found that a contraction of the eserinized leech muscle takes place on 
addition of the solution, in which metabolism of tissue slices has been allowed 
to occur, unless eserine was added to the solution at the beginning or near the 
beginning of the experiment. The conclusion would be that the presence of 
eserine is necessary for the appearance of the active substance in question. This 
fact, in itself, makes it likely, as Chang & Gaddum [1933] point out, that the 
active substance is a choline ester whose normal destruction by an esterase in 
the tissue is inhibited by the eserine. Moreover, the active substance is most 
unstable in alkaline solution. Thus in one experiment with rat brain cortex in 
a phosphate-glucose-eserine-saline medium the activity of the medium, after 
3 hours at 38*4°, was such that 01 ml. produced a contraction equal to that given 
by 0*035 y acetylcholine chloride (jR ( . hE = 3*0). The remaining part of the medium 
(i.e. 2*9 ml.) was treated with 1 ml. A T NaOH for 30 min. at room temperature. 
It was neutralized with 1 ml. A" HC1 and its activity tested on the leech muscle 
preparation. 0*5 ml. of the solution then gave no measurable contract ion of the 
leech muscle. It was clear that the mild treatment with dilute alkali was 
sufficient to remove the entire activity of the medium. 

The action of the substance on the eserinized leech muscle preparation has 
been found, like that of acetylcholine, to be unaffected by atropine. Its action, 
like that of acetylcholine, is diminished or abolished by the presence of morphine. 

If 0*5 ml. 1/1000 morphine tartrate solution be placed in the medium in 
which the eserinized leech muscle is suspended, it is found that no contraction 
occurs on the addition of 0*05y acetylcholine. The addition of a further 0*05 y 
acetylcholine brings about a slight contraction, which is much increased by 
still further additions of the acetylcholine. On washing the leech muscle 
preparation, the addition of 0*05 y acetylcholine brings about its normal effect, 
A precisely similar phenomenon occurs when the experimental solution con¬ 
taining the active substance is substituted for the acetylcholine. The presence 
of 0*5 ml. 1/1000 morphine tartrate solution prevents the contractions due to 
an amount of the active substance corresponding to 0*05 y acetylcholine, the 
addition of further quantities of the substance causing a contraction to appear. 
Reversibility is secured by washing the muscle. 1 

Although the facts stated make it probable that the active substance in the 
medium is an ester of choline, there is no evidence to indicate that the ester is 
acetylcholine. We propose therefore not to commit ourselves further than to 
refer to the active substance as a choline ester. The final proof that the substanoe 
in question is, in truth, a choline ester must await its isolation. 

1 This effect of morphine will be described at length elsewhere by J. H. Q. and M. T. 
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Choline ester formation by brain slices. The first problem was to decide 
whether the choline ester found in the medium, after brain slices had been 
shaken in it for 3 hours at 37° was due simply to washing out of preformed ester 
from the tissue or whether it was formed in the course of metabolism of the tissue 
in vitro. 

It has been known for some time that brain and other tissues contain an 
acetylcholine-like substance, and the amounts in extracts of these tissues have 
been estimated. Chang & Gaddum [1933] give a value of 04y of acetylcholine 
equivalent in 1 g. of dog brain. Kwiatkowski [1935] gives the following values: 
1 *5-3*8 y in 1 g. dog brain, 0*4-2 y in 1 g. cat brain, 0*fi-2*3y in 1 g. guinea-pig 
brain. Dikshit [1934] gives 0-2-0-3 y in 1 g. basal ganglia of the cat and 0*04-1-0y 
in 1 g. basal ganglia of the rabbit. Results of a similar order are given by 
Barsourn 11935]. 

The amount to be anticipated, therefore, as being due to complete removal 
from, say, 15 mg. dry weight of guinea-pig brain, should be (taking Kwiat- 

kowskFs figures) of the order (0-0-2-3) x ^y* 0*045 to 0*17y (taking 200 mg. as 

being approximately the dry weight of 1 g. guinea-pig brain). Now the average 
amount of choline ester (i.e. acetylcholine equivalent) found in a medium, after 
metabolism in it of guinea-pig brain cortex (15 mg. dry weight) under optimal 
conditions, has been about 0*7y and in the case of rat brain cortex about 1*2 y. 
Taking into account the fact that slices of brain cortex have been used, these 
figures appear to be too high to be accounted for by simple diffusion of pre¬ 
formed ester into the medium. 

A more conclusive answer to the problem is provided by an exj>eriment 
making use of the known fact that choline esterase exists in relatively large 
quantity in the brain [Stcdman & Stedman, 1935, 1: Ammon & Voss, 
1935]. This fact we have confirmed and it will be reported upon later in this 
paper. 

The amount of choline esterase in brain cortex is far more than sufficient to 
decompose the preformed choline ester in the tissue in 30 min. at 37 c , the 
assumption being made that the tissue choline ester is attacked by choline 
esterase at a rate comparable with the rate of hydrolysis of acetylcholine. 
Making a calculation from the rate of breakdown of acetylcholine chloride by 
cat brain cortex found by Stedman & Stedman [1935, 1]. it appears that 15 mg. 
dry weight of the tissue will remove 525y acetylcholine chloride in 15 min. at 
30°. We have found comparable figures for rat and guinea-pig brain cortex (see 
Table XIII). Since the total quantity of choline ester likely to exist preformed in 
the brain is of the order of 0*2 y (for 15 mg. dry weight), it is obvious that there is 
sufficient esterase present to bring about its destruction at 37° in a few seconds. 

Accordingly experiments were carried out in which eserine was added to the 
tissue in a phosphate-saline-glucose medium 30 min. after respiration in the 
Warburg manometric apparatus had commenced. The eserine was poured into 
the main vessel, in which the tissue was being shaken, from the side tube of the 
vessel. All experiments showed that the rate of choline ester formation, after 
this late addition of eserine, was of the same order as, but usually a little less 
than, when eserine was present in the medium from the start. A typical result 
is as follows: 

Exp. Hchh 

1 (a) Eat brain. O g . Phosphate-saline-glucose. Eserine 3 0 

1 (b) Eat brain. O t . Phosphate-saline-glucose. Eserine added 2*5 

30 min. after start of experiment 
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A number of estimations of i? ( , hK obtained with tissues to which eserine was 
added 30 min. after the commencement of each experiment will be recorded 
below. 

Finally it should be pointed out that if experiments are carried out anaerobic¬ 
ally (in nitrogen) the choline ester formation falls to a very low value. Thus in one 
experiment rat brain cortex slices in a phosphate-glucose medium gave a value 
of i? niE = 4-2 in the presence of oxygen, and a value of i? rhE = 0*4 in the presence 
of nitrogen, this result being typical of those of a number of experiments. If the 
entire choline ester were preformed and simply diffused from the slices into the 
surrounding medium, it would be difficult to understand why the change from 
aerobic to anaerobic conditions should cause such a diminution in the ii t . hK . 
Keeping brain slices under anaerobic conditions might, on the contrary, be 
expected to increase jR t hli by an increase in cell permeabilities due to autolytic 
changes. 

The facts, taken as a whole, indicate that choline ester formation in tissue 
slices takes place as a result of metabolic changes in the tissues, and not more 
than a small fraction of the choline ester found can be attributed to preformed 
choline ester in the tissues. 

We turn, now, to a more detailed consideration of the rate of choline ester 
formation in brain cortex slices. 

Variation of H rhE with time. When estimations are made of the rate of 
choline ester formation in brain slices for various periods of time at 37° or 
38*4° it is found, in the case of the rat, that the greatest rate occurs in the first 
hour. The rate falls off appreciably after this time. Calculations of I? niR are 
shown in Table I. The values of B rhVt are averages over the experimental periods 
stated. Such a decrease in rate may be expected if a part of the choline ester 
accumulating in the first hour is due to diffusion of preformed ester from the 
tissue slices into the medium. The same phenomenon occurs, however, if eserine 
is added 30 min. after the commencement of the experiment (see Exp. 5, Table I). 
The conclusion must be drawn therefore that the rate of choline ester formation, 
in rat brain cortex slices does not remain constant during the whole course of 
the experiment, but is most rapid at its commencement. 

Table I. Brain cortex slices. 

Variation with time. Eserine sulphate ~ 1/7000. 

Time from commence¬ 
ment of exp. 


Exp. 

Animal 

Temp. ° C. 


1 hour 

2 hours 

3 hours 

1 

Guinea-pig 

37*0 

Einger-bicarbonate* solution. 

95 % 0 g : 5 % C0 8 . Eserine 

0*9 

10 

— 

2 

Eat 

38*4 

Phosphate-saline-glucose.t O a . 
Eserine 

5*5 

2*9 

3*2 

3 

Eat 

38*4 

Phosphate-saline-glucose.f O a . 
Eserine 

4*5 

2*8 

22 

4 

Eat 

38*4 

Phosphate-saline-glucose.t O t . 
Eserine 

5*3 

3*5 

3*5 

5 

Eat 

38*4 

Phosphate-saline-glucose.t 0 2 . 
Eserine added 30 min. after 
start of experiment 

4*3 

2*8 

2*7 


* Ringer-bicarbonate solution: NaHOO, =0-025 M; KOI=0*005 M; Cad, =0*0025 Jf; 
KH a P0 4 =0*001 if; MgS0 4 =0*0012 if; Nad=0*ll if. 

t This medium odium phosphate buffer (pH 74) 0*03 if; KCI =0*002 M\ 0*0* =0*001 if; 
Nad=0*13 if; glucose =0*02 if. 
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Dependence of choline ester formation on aerobic conditions . It has been already 
mentioned that the rate of choline ester formation in brain cortex slices is 
greatly dependent on aerobic conditions. This is shown clearly by the results 
given in Table II. Anaerobic conditions were secured by passing nitrogen 
through the manometric vessel in the inner tube of which was a small stick of 
damp yellow phosphorus. Potash (0*2 ml. 0%) was placed in a side tube of the 
vessel. During the course of the experiment no movement of the levels of the 
manometric fluid occurred, indicating no absorption of gas. In a bicarbonate- 
glucose-Ringer medium in an atmosphere of 95% N 2 4* 5% C0 2 there was also little 
or no formation of choline ester. When eserine was added to the medium under 
anaerobic conditions (by pouring in from a side tube of the manometer vessel) 
30 min. after commencement of the experiment, not more than the slightest trace 
of choline ester could be detected. This was scarcely measurable after 21 or 
3 hours' shaking of the cortex slices at 38*4° (see Exps. 4 and 5, Table II). It 
seems reasonable to suppose that the small value of R vh¥t which is found with rat 
brain cortex slices under anaerobic conditions when eserine is present in the 
medium from the start of the experiment is due to washing out of preformed 
choline ester from the slices. The amount found is of the same order as that to 
be expected from the values, already quoted, of choline ester in brain extracts. 

Table II. R rhK of rat brain cortex. 


Phosphate* 0*03 M. NftCl 0*13 3/. Eserine —1/7000. G hi rose 0*02 M. 




Time 

Temp. 

° (\ 



Exp. 

Medium 

hours 

<>2 

X 2 

1 

Phosphate-saline*-eKerine-glueoKe 

3 

37 

1*8 

0*4 

2 

Phos phate -sa lme-eserino-gl ucose 

2*5 

38*4 

4*2 

0*4 

3 

Phosphatc-saline-eseriue-glueose 

2*3 

38*4 

30 

0*9 

4 

Phosphate-saline-ghicose. Eserine added 

30 min. after commencement of exp. 

2*5 

384 

25 

00 

5 

Phosphate-saline-glucose. Eserine added 

30 min. after commencement of exp. 

2*5 

38*4 

3*0 

0*0 


* K + and ( , a’ H were absent from the medium in this experiment. In the others lv^—0-002Jf, 
CV+=. 0*001 M. 

Influence of (he ionic environment on R rAh . The 2? m: of rat brain cortex 
slices examined in a phosphate-sodium chloride medium is usually about the 
same value as that in a bicarbonate-sodium chloride medium, 1 organic meta¬ 
bolites being absent from these media; a few experiments have shown that a 
similar result applies to guinea-pig brain cortex. The effects of the addition of 
K and Ca ions on the two media are, however, different. Results with rat brain 
cortex are given in Table III. It will be seen that the low value of R ( XxVt found in a 
phosphate-sodium chloride medium is scarcely affected by the addition of K and 
Ca ions (Exp. 4). In bicarbonate media where the i?<. hK is a little higher there is 
a definite increase in the rate of choline ester formation when K, or a mixture of 
K and Ca, ions are added (Exps. 2, 3, 4). Another difference between the rates 
of choline ester formation, depending on whether phosphate or bicarbonate 
media are used, will be noted when we turn to the consideration of the effects of 
glucose. 

1 In bicarbonate (0*025 M) media the atmosphere in the manometer is composed of a mixture 
of 95% 0 g and 5% CO t ; in media containing no bicarbonate pure oxygen is present and the CO a 
formed during metabolism is absorbed by potash (on filter-paper) in the central tube of tbe 
manometer vessel. 
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Table III. Rat brain cortex . 

Eserine = 1/7000. 38-4°. NaCl 0-13 3/. 


Exp. Medium J?ci,k 

1. (a) Phosphate buffer 0*03 M. NaCl. K + and absent 0*6 

(b) Ringer-bicarbonate solution* 1*2 

2. (a) 0-025 M NaHCO s . Nad. KOI absent 0-9 

(b) 0-025 M NaHC0 3 . NaCl. KC1 0-005 M 1-3 

(r.) 0-025 M NaHCO*. NaCl. KOI 0-005 M. Cad* 0-0025 M 1-1 

3. (a) 0-025 3/NaH00 3 . NaCl M 

(6) 0-025 M NaH00 8 . NaCl. 0-002 M KOI. 0-001 M CaCl 2 1-7 

(c) 0-025 3/NaHCOj. NaCl. 0-002 M KC1. 0-001 M Cad*. 1-9 

0-001 M MgS0 4 

4. (a) Phosphate buffer 0-03 M. NaCl 0-8 

ft> 2 (3hr.)-4-0 

(b) Phosphate buffer 0-03 3/. NaCl. 0-002 M KOUO-OOl M Cad* 0-7 

ft>* (3 hr.)-3-2 

5 .(a) 0-025 M NaHCO a . Nad 1-0 

(b) 0-025 M NaHCO a . NaCl. 0-002 M KOI. 0-001 M Cad* 1-4 

(c) 0-025 3/ NaHCO s . Nad. 0-004 M KC1. 0-U02 M Cad 2 1-4 


* Composition given under Table I. 

The effects of glucose on choline ester formation in brain slices. In phosphate 
media the presence of glucose accelerates greatly the rate of choline ester forma¬ 
tion in brain cortex slices. This is shown by a few typical results shownin Table IV. 
The effect of the glucose with rat brain is to increase i? rhK four- or five-fold, and 

Table IV. Rat brain cortex. 


Eserine = 1/7000. Phosphate =■ 0-03 M . NaCl = 0-13 M. 


Exp. 

Medium 

Time 

hours 

Temp. 


1. <«) 

Phosphate-NaCl 

3 

37 

0-7 

(6) 

Phosphate-NaCl-gluc-ose (0-01 M) 

3 

37 

2-8 

2. (a) 

Phosphate-NaCl-KCl (0002 J/)-OaClj (0-00) M) 

3 

38-4 

0-7 

(b) 

Phosphate-NaCl-KC1 (0 002 jtf)-CaCI s (0-001 M)- 

3 

38-4 

2-9 

3. (a) 

glucose (0-01 M) 

Phosphate-NaCl-KCl (0-002 J/J-CaCI, (0-001 M) 

3 

38-4 

1-i 

(b) 

Phosphate-NaCl-KCl (0-002 Jf)-Ca01 s (0-001 M)- 

3 

38-4 

ft,* (av. 3 hr.) 
-~41 

3-2 

4. (a) 

glucose (0-02 M ) 

Phosphate-NaCl-KCl (0-002 Jf)-CaCI, (0-001 M) 

3 

38*4 

ft, (av. 3 hr.) 
-11-0 

0-7 

(b) 

Phosphate-NaCl-KCl (0-002 jtf)-CaC'l, (0-001 M)- 

3 

38-4 

Go* (av. 3 hr.) 
r-3-2 

3-6 


glucose (0-02 M) Q u (av. 3 hr.) 

= 10-8 

its effect is still large in the absence of added potassium and calcium ions (see 
Exp. 1). The effect of glucose is equally great when eserine is added to the 
medium 30 min. after the commencement of the experiments. When we turn 
however to bicarbonate media we note the following phenomena. 

The addition of glucose to a bicarbonate medium containing no added K or 
Ca ions results in a large acceleration in the rate of choline ester formation. The 
■®chB may rise from 0*4 to 2-2 (see Exp. 1, Table V). The further addition of K 
and Ca ions to a bicarbonate-glucose medium lowers the J8 (;ws (Exps. 2 and 3, 
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Table V). The addition of glucose to a bicarbonate-Ringer medium has but a 
small effect on the rate of choline ester formation (Exps. 1 and 4, Table V). 
With guinea-pig brain cortex we have noticed that the presence of glucose usually 
diminishes the i? (hK found in a bicarbonate-Ringer medium. 

Table V. Rat brain cortex. 

Time, 3 hours. Temp. 38*4°. Eserine 1/7000. 95% () 2 -r 5% CO a . 


Exp. Medium i? (hE 

1. (a) 0*025 M NaH(,'O s . NaCl 0*4 

(b) 0*025 M NttHCO.,. NaCl-glucose (0-01if) 2 2 

(c) Ringer*-bicarbonate* 1*3 

(d) Ringer* - bica r bona te -glu cose (0*01 M) 1*6 

2. {n) 0*025 M NaHCO a . 0*13 M NaCl. 0*02 M glucose 3 7 

(6) 0*025 M NaHCO.,. 013 M Natl 0*002 M KCL 0*001 M ('&<%. 0*02 3/ 2*2 

glucose 

3. (a) 0*025 M NaHCO a . 0*13 J/XaCI. 0*02 3/ glucose 2*3 

(b) 0*025 M NaHC0 3 . 0-13 3/ NaCl. 0*002 3/ KCL 0*001 M CaCI 2 . 0-023/ 1*4 

glucose 

(r) 0*025 3/ NttH(’O s . 0*13 M NaCl. 0*004 M KCL 0*002 3/ CaCl 2 1*4 

4. («) Ringer*-bicarbonate 1*5 

\b) Ringer*-bicarbonate-glucoae (0*16° o ) 1*3 


* Composition given under Table 1. 

The reasons for these phenomena are as yet obscure, but attention should be 
drawn to the fact that the aerobic glycolysis by brain slices in a bicarbonate- 
glucose medium is always much greater in the absence of potassium and ealeium 
ions than in their presence (Dickens & Greville, 1935]. 

Turning once more to the consideration of phosphate-glucose media we find 
that the addition of potassium and calcium ions has the reverse effect to that 
happening in a bicarbonate-glucose medium, i.e. the ff n , E is increased. Typical 
results are shown in Table VI. 

Table VI. Rat brain cortex. 


Time 3 hours. Temp. 38*4 . Eserine 1-7000. O a . Phosphate -0*03 M. XaCl =0*13 3/. 

Qo s 





First 

3 hr. 

Exp. 

Medium 

f^CliK 

30 min. 

(av.) 

1. (a) 

Phosphate-NaCl-glucose (0*02 M) 

1*8 

15*3 

7*5 

(b) 

Phosphate-NaCl-giucose + KCI (0*00231), CaCl* (0*0013/) 

3*6 

12*8 

10*8 

2. (a) 

Phosphate-NaCl-glucose (0*02 M) 

1*9 

16-0 

8*5 

(*•) 

Phosphate-NaOl-gluoose + KCI (0*0023/), CaCl* (0*001 M) 

2*2 

15*3 

11*0 

(<•) 

Phosphate-XaCl-glucose-f KCI (0*0083/), CaOl* (0*0043/) 

2*6 

14*6 

12*6 

3. (o) 

Phosphate - N aCl-gl u cose (0*01 if) 

2*6 

13-8 

9*7 

(6) 

Phosphate-NaCl-glucose (0 01 M) +KC1 (0*002 3f) 

4*3 

— 

— 

(c) 

Phosphate-NaCl-glucose (0*01 M) + KCI (0*004 if) 

4*0 

14*0 

12*1 

4. (a) 

Phosphate-NaCl-glucose (0*02 if) 

3*0 

— 

— 

(6) 

Phosphate-NaCl-glucose (0*02 J/> + KCI (0*002 3/) 

4*1 

— 

— 

5* (o) 

Phosphate-NaCl-glucose (0*02 if) 

2*0 

— 

— 

(6) 

Phoaphate-NaCl-glucose (0*02 if) 4-KCI (0*002 if) + CaCl, 
(0*001 M) 

2*7 

—■“* 



* In this ease eserine was added 30 min. after commencement of the experiment. 

The effects of addition of K and Ca ions are not very regular, but they arc 
always in the same direction—that of an increase in the jR rhE . It should be noted 
that in a phosphate-glucose medium to which no K and Ca ions have been added 
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the Q 0 falls rapidly during the experimental period. In the presence of K and 
Ca ions* the Q 0t remains comparatively steady over a long period (see Exps. 1, 2 
and 3, Table VI). This phenomenon has been recently observed by Dickens & 
Greville [1935]. 

There is little doubt that the presence of K and Ca ions markedly influence 
the course of glucose metabolism in tissue slices. They also affect choline ester 
formation in brain cortex slices in glucose media in such a way that J? rhK is high 
when aerobic glycolysis is high (bicarbonate, absence of K and Ca) and when 
respiration is high (phosphate, presence of K and Ca). It is reasonable to suggest 
that there is a definite link between the two metabolic processes, one involving 
glucose breakdown and the other choline ester formation. 

Values of R rUE calculated as averages from the results of a number of 
experiments are given in Table VII. These were obtained with rat brain cortex 
slices in various media in the presence and absence of glucose. 


Table VII. R r/t/? (< average, values). 
Eserine = 1/7000. 38-4°. 

Medium 

0 025 M NaHCO a + 013 M NaCl 

0*025 M NaHCO, +0*13 M NaCI + 0 002 M KOI +0 001 M CaCI 2 
0*03 M phosphate+013 M NaCl 

0*03 M phosphate + 0*13 M NaCl + 0*002 M KC1 + 0*001 M CaCl, 


Glucose 

Glucose 

absent 

present 

0*7 

2*7 

1*4 

1*6 

0*8 

2*0 

0*9 

2*9 


Effects of metabolites other than glucose on R r/)A .. The addition of sodium 
lactate (dl) or of sodium pyruvate to a phosphate-saline medium increases 
R chE with rat brain cortex slices, but the rate of increase of choline ester forma¬ 
tion is not usually as great as with glucose. Representative results are given in 
Table VIII. The increase occurs, as with glucose, when eserine is present at the 
start of the experiment or when it is added 30 min. after the commencement of 
the experiment. The increase occurs whether K and Ca ions have been added or 

n0t ‘ Table VIII. Rat brain cortex. 


Variations of with substrate. Eserine = 1/7000. Phosphate - 0*03 3/. NaCl 013 M. 


Exp. Medium hr. 

1. (a) Phosphate-NaCl 3 

(b) Phosphate-NaCl-glucose (0*01 M) 3 

(c) Phosphate-NaCl-laetate (0*026 M) 3 

(d) Phosphate-NaCl-suceinate (0*016 M) 3 

2. (a) Phoaphate-NaCl-0*002 if KCl-0-001 M Ca€l a 3 

lb) Phosphate-NaCl-0*002 M KCl-0-001 M CaCl r glucosc (0*02 M) 3 

(c) Phosphate-NaCl-0‘002 if KC1-0*001 M CaCl a -lactate(0*02if) 3 

(d) Phosphate-NaCl-0002 if KCl-0-001 M CaCl a -pyru irate (0*02 if) 3 

3. la) Phosphate-NaCl-0002 M KCl-0-001 M CaCl a -glucose (0*023/) 3 

(b) Phosphate-NaCl-0 002 M KCl-0 001 M CaCl t -suceinate (0*0231) 3 

4. (a) Phosphate-NaCl-0 002 M KCl-0-001 M CaCl,-gluoose (0*02 M) 3 

(6) Phosphate-NaCl-0 002 M KCl-0 001 if CaCl a -laetate (0*02 M) 3 

5. ♦ (a) Phosphate-NaCl-0 002 M KCl-0-001 M CaCl* 24 

(b) Phosphate-NaCl-0*002 M KCl-0-001 M CaClj-glucose (0*0231) 2i i 

(c) Phosphate-NaCl-0 002 M KCl-0-001 M CaCl r kctate (0*02 M) 2 ■ 

(d) Phosphate-NaCl-0‘002 if KCl-0-001 M CaCl a -pyruvate (0*023f) 2 P 

6* (a) Phosphate-NaCl-0-002 M KCl-0 001 M CaCl a 2 

(6) Phosphate-NaCl-0*002 M KCl-0001 M CaCL-glucose (0*02 M) % ■ 

(c) Pbosphate-NaCl-0*002 M KCI-0-001 M CaCl a -fructoso (0*02 M ) 2 

(d) Phosphate-NaCl-0002 M KCl-0-001 M CaCl a -galactose (0-02JT) 2 

* Eserine added 30 min. after the commencement of the experiment. 


Temp. 

°c. 


s 

(av. 

3 hr.) 

37 

0*7 

3*5 

37 

2*6 

8*6 

37 

1*8 

9*4 

37 

0*7 

6*5 

38*4 

1*1 

4*1 

38*4 

3*2 

11*6 

38*4 

3*2 

9*9 

38*4 

2*0 

9*7 

38*4 

3*0 

10*6 

38*4 

0*6 

6*8 

38*4 

3*4 

12*0 

38*4 

2*4 

9*9 

38*4 

0-6 

— 

38*4 

2*4 

— 

38*4 

1*7 

— 

38*4 

1*9 

— 

38*4 

8*7 

— 

38*4 

2*5 

— 

38*4 

23 


38*4 

1*8 

— 



CHOLINE ESTER FORMATION IX VITRO 


1(577 


The addition of sodium succinate, however, does not result in any increased 
i? c , hE (see Exps. 1 and 3, Table VIII). This fact is of considerable interest for it 
shows that choline ester formation does not necessarily depend on an increased 
respiration of the brain cortex slices. Succinate increases markedly the respira¬ 
tion of brain cortex, though the increase is not so great as with glucose or lactate 
for equivalent concentrations; these results are noted in Table VIII. 

Turning to sugars other than glucose we find that fructose is as effective as 
glucose but that galactose is less efficient. In Exps. 5 and 6 recorded in Table VIII 
eserine was added 30 min. after the start of the experiments. 

Two experiments have shown that the presence of sodium glutamate 
(0*04 M) results in an increase of with rat brain cortex in phosphate-saline 
media jR rhK was 1*7 (3 hours 38*4’). The increase is not as great as with glucose. 

Effects of substituting a -glycerophmphate for phosphate on R rhF . The substitu¬ 
tion of 0*03 M sodium a-glycerophosphate (pH 7*4) for phosphate buffer results 
in an increased value of R K hVt for rat brain cortex. Exps. 1 and 2, Table IX, show 
that the value of /? rllK is doubled. As is well known the presence of a-glycero¬ 
phosphate increases the respiration of brain. The addition of glucose to the 
a-glycerophosphate medium increases the 2£ rhE , the increase being of the same 
order as that which occurs when glucose is added to a phosphate medium. 


Exp. 


i. («) 
(ft) 
(r) 
(d) 


2 . <«) 
(ft) 
3* («) 
(ft) 

4. (a) 

(ft) 


Table IX. Effect of y.-glycerophosphate on . Rat brain cortex. 


Time, 3 hours. Temp. 38*4 . O,,. Eserine 1/7000. 
Medium 

0 03 M phosphate-Na( 1-0-002 M KC1-U-001 M CuCl a 
0-034/ phosphate-NaH-0*002 4/ KOI-0 001 M CaCl 2 -t glucose (0-024/) 
0-034/ a-glycerophoaphate-0-002 4/ KCl-0-001 Jf CaCl s 
0-034/ oc-glveerophosphate-0-002 4/ KCl-0-001 4/ CaCl 2 + glucose 
(0*024/) * 

0*03 M phosphate-NaCl-0*002 4/ K< 1-00014/ CaCl 2 
0*034/ a-glyeerophosphate-U-002 M K(U-(KK)l 4/ CaCl 2 

0-03 M a-glycerophosphate-NaCl-0*(H)l 4/ Oa(l 2 

0-034/ a-gly<x*rophosphate-NaCl-0-001 M CaCi t + glucose (0-024/) 

0*034/ *-glyc€'rophosphate-Na(3-gluco8e (0*02 Af) 

0-034/ a-glycerophosphate-NaCl-glucose (0-024/) +KC1 0*0024/ 

4 CaCl 8 0-001 M 


Ik hF 

Qo* 

(ft v. 3nr.) 

0*7 

3-0 

2*9 

11*8 

1-4 

8-4 

4-0 

124 

M 

3-8 

2-2 

8-3 

1-2 

7-1 

2-9 

11-6 

3-0 

10-8 

3-0 

14-2 


A few experiments have indicated that the R rhi: in a a-glycerophosphate- 
NaCl-glucose medium is not markedly affected by the inclusion of K and Ga 
ions. Exp. 4, Table IX, shows a typical result. As in a phosphate medium the 
presence* of K and Ca ions decreases the rate of fail of Q 0 , 

Effects of addition of choline, and of sodium acetate on R ChF . The addition of 
choline (as the hydrochloride) to bicarbonate or phosphate media, in concentra¬ 
tions sufficiently low not to affect the leech muscle preparation when suitable 
volumes are taken for testing purposes, has no definite effect on the R vhh: . This 
applies to both guinea-pig and rat brain cortex slices. Typical results are shown 
in Table X. The amount of choline chloride added to each vessel was 100y or 
200y. Now had only 0*5% choline ester synthesis occurred from the choline 
added with the production of, say, 0*5 or 1*0 y choline ester, this amount would 
have been easily measurable. The results show that with a concentration of 
choline chloride of 33y/ml. or 66y/ml. no perceptible synthesis of choline ester 
occurs. This is the case whether glucose is present or not. 

The addition of sodium acetate (0*02 M) seems to have a small accelerating 
effect on (Exps. 6 and 7, Table X) whether choline is present or not. It 
Bioohem. 1936 xxx 108 



1678 


J. H. QUASTEL AND OTHERS 


Table X. Brain cortex slices. 


Eserine 1/7000. Phosphate 0 03 M . NaCl 0-13 -ftf. 

Time Temp. 2?niE 


Exp. 

Animal 

Medium 

hr. 

°C. 


1. (o) 

Guinea-pig 

; Bicarbonate-Ringer* 

3 

37 

1-7 

(ft) 

99 

Bicarbonate-Ringer* + choline (lOOy) 

3 

37 

1*8 

2. (a) 

M 

Bicarbonate- Ringer* 

3 

37 

0*9 

(6) 

M 

Bicarbonate-Ringer* + choline (100 y) 

3 

37 

10 

3. (a) 

f# 

Phosphate-N a( 71 -gl u cose 

3 

37 

1*3 

(*) 

M 

Phosphate-NaCl-glucose-choline (100 y) 

3 

37 

oot 

(«) 

»« 

Phosphate-NaCl-glucose-choline ( 100 y) 

3 

37 

14 

4. (a) 

Eat 

Phosphate-NaCI-glucose 

3 

37 

2*8 

(ft) 

»* 

Phosphate-NaCl-glueose-eholine ( 100 y) 

3 

37 

3-2 

5. 


Bioarbonate-Ringer-glucose-choline (100 y) 

3 

37 

M) 

6. (o) 


Bicarbonate-Ringcr-glucose 

3 

384 

10 

(ft) 


Bicarbonate-Ringer-glueose-choline (200 y) 

3 

384 

M 

(<■) 

„ 

Bicarbonate-Ringer-glucose-acetate (0*02 M) 

3 

384 

1*6 

(d) 

•• 

Biearbonate-Ringer-glucose-acetate (0 02 M) + choline 
(200y) 

3 

384 

1-7 

7. (o) 

9f 

Bicarbonate-Ringer-glucose 

2 

384 

13 

(ft) 

' 

Biearbonatc-Ringer-glueose + acetate (0-02 M) 

* Composition of Ringer is given under Table 1. 
t Too small to be measured; eserine omitted in this case. 

2 

384 

1*7 


seems scarcely likely that so small an effect can be taken as an indication of the 
synthesis in the tissue of acetylcholine from acetate ions and choline. 

It would be expected that eserine which inhibits the activity of choline 
esterase will not only prevent hydrolysis of choline ester, but will also inhibit its 
synthesis by this enzyme. The fact that the additions of choline and of acetate; do 
not bring about any marked production of acetylcholine in the tissue in the 
presence of eserine suggests that the choline ester which is formed in brain tissue 
slices in the presence of eserine does not arise from the products of its hydrolysis. 

Action of poisons on R, hl: . 

{a) Cyanide . The addition of potassium cyanide (0*06%) to an oxygenated 
bicarbonate-Ringer-glucose-eserine medium reduces the R vm of rat brain cortex 
to the anaerobic level. A value of i2 (:hE = l*5 was reduced, by the presence of 
cyanide, under aerobic conditions to /f ( , hK = 0-5. Similarly, in a phosphate-saline- 
glucose-eserine medium, a value of = was reduced to i? i , hE «0*4 by the 
presence of cyanide (0*06%). 

(6) Sodium fluoride. The addition of 0*01 M NaP does not appreciably affect 
the Rfw found with rat brain cortex in a phosphate-saline-glucose-eserine 
medium. In one experiment the value in absence of NaF was JB (llE «3*4 and in 
the presence of 0*01 M NaF /? (3hK was found equal to 4*3. Yet in this experiment 
the Q 0a was reduced by the fluoride from a value of 12*0 to 4*6. 

Evidently even in the presence of fluoride the presence of glucose will stimu¬ 
late the formation of choline ester under the conditions of our experiments. 

Choline, ester formation in various animal tissues. Choline ester formation has 
been found to be greatest with brain tissue slices. Among the tissues examined-*— 
brain, kidney, liver, spleen, testis, diaphragm and defibrinated blood^-not 
more than traces of choline ester have been found in tissues other than brain 
and diaphragm. Diaphragm of the rat only has been examined and thfe proves 
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Table XI. R,,** of various organa . 


Animal 

Guinea-pig 

Rat 

Medium 

... Bicarbonate-Ringer- 

Phosphate-saline- 


eserine 

glucose-eserine (K, Ca 

Organ 


present) 

Brain cortex 

1*7 

2-5 

Kidney 

<0*3 

<0*3 

Liver 

<0-3 

<03 

Spleen 

<0-3 

<0-3 

Testis 

<0-3 

<0-3 

Diaphragm 

— 

0*8 

Blood (defibrinated) 

<0-3 

— 


to be one-third as active as rat brain cortex when examined in a phosphate- 
glucose medium. The results are noted in Table XI. There is little doubt that 
choline ester formation, so far as our experiments in vitro have gone, is restricted 
chiefly to the brain. 

Acetylcholine hydrolysis by tissue slices. The hydrolysis was measured in the 
Warburg apparatus by pouring 0-2 ml. acetylcholine chloride solution from the 
side tube of the manometric vessel into the main vessel which contained tissue 
slices suspended in 2*8 ml. of a bicarbonate-saline solution and noting the rate 
of evolution of C0 2 . The acetylcholine was added after temperature equilibrium 
(37° or 38*4°) had been attained. Air in the apparatus had been displaced by a 
mixture of 95% X 2 and 5% C0 2 , and strict anaerobiosis was secured by placing 
small pieces of damp yellow phosphorus in the central tube of the manometer 
vessel. The solution in the main vessel consisted of 0*025 M NaIIC0 3 and 
0*13 M NaCl, together with 0 002 M KOI and 0*001 M CaCl 2 . 

As the acetylcholine w T as hydrolysed C0 2 was evolved from the medium, 
the rate of evolution being a measure* of the rate of hydrolysis. A similar mano¬ 
metric method for following acetylcholine hydrolysis has already been used by 
Stedman & Stedman [1935,1] and Ammon & Voss [1935]. The rate of hydrolysis 
is given in the following units: 

Q^\, (acetylcholine) = pj. C0 2 (reduced to n.t.p.) evolved per mg. dry 
weight of tissue per hour. 

0*2 ml. of a solution containing 100 mg. acetylcholine chloride in 5 ml. water 
was placed in the side tube of the vessel. After pouring the acetylcholine into 
the main vessel its initial concentration became 0*0073 M. 

With this initial concentration the rate of evolution of C0 2 and therefore the 
rate of hydrolysis are approximately constant until the concentration of acetyl¬ 
choline reaches about 0*003 M, when the rate of hydrolysis begins appreciably 
to diminish. Typical results are shown in Table XII. 

Values of Q^ h (acetylcholine) are shown in Table XIII where it w r ill be seen 
(a) with rat tissues that spleen is the most active organ in decomposing the 
choline ester, ( b ) with both guinea-pig and rat, kidney has feeble choline esterase 
activity, whilst liver and testis have activities less than that of brain cortex. 
The values recorded in Table XIII have not been corrected for the small blanks 
obtained in the absence of acetylcholine or of tissue. 

The results (Tables XI, XIII) show that there is no relationship between the 
power of an organ to break up acetylcholine and its power to form choline ester 
in vitro . 


108—2 
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Time from addition 
of acetylcholine 

Table XII. 

Vol. of C0 2 evolved 

vjt 

t (min.) 

f(fd.) 

45 

Bat brain. 

1160 

2-5 

75 

1920 

2-5 

105 

262-8 

2-5 

135 

318-5 

2-4 

180 

384-7 

21 

240 

445-4 

1-8 

45 

Guinea-pig blood. 

87-0 

1-9 

75 

150-0 

20 

105 

211 7 

2-0 

135 

271-3 

2*0 

165 

3185 

1-9 

195 

354-0 

1-8 

240 

381-5 

1-5 

Table XIII. Acetylcholine hydrolysis by various organs. 

Bicarbonate-saline. 95% N 2 + 5% (X) 2 

. Phosphorus. 

Initial concentration of acetylcholine = 

0-0073 M. 

Taken over period 0-60 min. 



{acetylcholine). 


Rat (38*4 r ) 

Guinea-pig (37 

Brain cortex 

17-8 

17-3 

Liver 

101 

3 1 

Kidney 

7-9 

3-2 

Spleen 

Testis 

26-2 

6-0 

12-4 

2 1 

Defibrinated blood 

5-2 

13-3 


Summary. 

1. When brain cortex slices are allowed to respire in a medium containing 
eserine a substance is formed which produces a powerful contraction of an 
eserinized leech muscle preparation. The substance is only formed in the 
presence of eserine, is unstable in dilute alkaline solution and its effect on the 
leech muscle is counteracted, like that of acetylcholine, by the presence of 
morphine. It is considered to be a choline ester. It is shown that the choline 
ester is formed as a result of metabolic processes in the tissue slices, only a small 
fraction of it being due to preformed ester within the tissue. 

2. The rate of choline ester formation is expressed by the symbol i? rhK . This 
represents the amount of choline ester formed in 1 hour by 100 mg. dry weight 
tissue and is expressed in equivalents of acetylcholine chloride. 

3. varies during the period of an experiment, it being greatest in the 
first hour. 

4. Under anaerobic conditions, or under aerobic conditions in the presence 
of cyanide, JS chE falls to a very low level. Oxygen is necessary for maintenance 
of R i)hE at a high level. 

5. The presence of glucose greatly increases jR 0hE in phosphate or bicarbonate 
media when potassium and calcium ions are absent. The addition erf K and Ca 
ions decreases U 0hJB in a bicarbonate-glucose medium and increases JJ chK in a 
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phosphate-glucose medium. Attention is drawn to the effects of these ions on 
glucose metabolism in bicarbonate and phosphate media. It is suggested that 
there is a link between glucose metabolism and choline ester metabolism in 
tissue slices. 

6. The presence of sodium lactate, pyruvate, a-glycerophosphate or gluta¬ 
mate increases J8 rhK but their effects are not as great as those of glucose. The 
presence of sodium succinate does not increase R chE . 

7. The addition of sodium fluoride does not diminish R VUK of brain in a 
glucose medium. 

8. The addition of choline does not measurably increase -ft, hK . Nor does the 
presence of a large excess of acetate ions markedly increase R rUK - 

9. Kidney, liver, spleen or testis has no measurable activity in forming 
choline ester under conditions most favourable for its production from brain. 
Rat diaphragm has about one-third the activity of rat brain. 

10. Choline esterase activities of brain, liver, kidney, spleen, testis and 
defibrinated blood are recorded. There is no correlation between the choline 
esterase of an organ and its power of producing choline ester in vitro. 

Our thanks are due to the Medical Research Council and to the Rockefeller 
Foundation for assistance, grants to two of us. 
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By JOHN CHARLES DUNCAN HUTCHINSON 
and SAMUEL MORRIS. 

From the Hannah Dairy Research Institute, Kirkhill, Ayr. 

(.Received 8 February 1936.) 

In studying the digestibility of food protein the normal procedure is to analyse 
the food for its content of N and to feed a constant amount to experimental 
animals. After a preliminary period of such length that the faeces can be 
presumed to represent the experimental ration, the faeces are collected and 
analysed for a period of 7-10 days. In certain experiments markers have been 
used to distinguish the faeces of this period from that of the preceding and 
following periods. The percentage of the ingested nitrogen not appearing in the 
faeces is called the “coefficient of digestibility of protein”. 

This definition assumes that all the faecal N is derived from the ingested N. 
Previous work [Schneider, 1934] has shown, however, that the faecal N can be 
divided into three fractions, (a) a constant fraction found when the animal is 
fasting, (b) a fraction dependent on the amount of both total dry matter and of 
indigestible dry matter in the diet and (c) a fraction dependent on the nitrogen 
content of the diet. 

Metabolic faecal nitbooen. 

Considerable work has been carried out on the metabolic faecal N of the one- 
stomached animal and its relation to the food intake. Mitchell [1924] concluded 
that the metabolic faecal N of young growing rats was directly proportional to 
the food intake. Whilst he recognized the presence of a constant amount of 
endogenous N he considered it quantitatively of no importance and recom¬ 
mended therefore that the metabolic faecal N on a normal diet should be 
calculated as faecal N/100 g. food intake. 

Boas-Fixsen and Jackson [1932], working with adult male rats and conse¬ 
quently with a much lower food intake, found that the endogenous faecal N was 
roughly constant for any particular rat and was by no means directly pro¬ 
portional to the food intake. They considered that the food intake should not be 
taken into account in estimating the metabolio faecal N, in the calculation of the 
biological value of proteins for maintenance. 

Schneider [1934] made a statistical analysis of the results obtained in 
Mitchell’s laboratory over a number of years. He confirmed Boas-Fixsen and 
Jackson’s finding that, in an animal eating its maintenance requirements or less, 
the constant fraction of the metabolic faecal N represented a comparatively 
large fraction of the total faecal N. Calculation of the metabolic faecal N on the 
assumption that it is directly proportional to the food intake would thus involve 
an error as great as if the food intake were not taken into account st all. Where, 
however, the food intake is above the maintenance requirements of the animal 

( 1682 ) 
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the metabolic faecal N may be taken as directly proportional to the food 
intake. 

Voit [1932], working with adult dogs, found that the constant fraction was 
by no means negligible. He concluded from his experiment that fat exercised 
less effect on the metabolic faecal N than carbohydrate and protein. Mitchell 
[1934], however, could not confirm Voit’s results, but found that, irrespective of 
the type of food ingested, the metabolic faecal N bore a constant relationship to 
the food intake. 

With ruminants, various investigators have attempted to obtain a figure for 
the metabolic N. Morgen et ah [1914] fed to sheep a ration consisting of extracted 
straw, starch, sugar and oil. In most of the experiments blood albumin was added 
to increase the palatability of the ration. It was thought that, since the albumin 
would be completely digested, it would have no effect on the faecal N excretion. 
This fact had previously been noted with one-stomached animals bv Mendel & 
Fine [1912] and Underhill & Goldschmidt [1913] and was later confirmed by 
Mitchell [1924]. Morgen et ah observed 051 g. of faecal N excreted per 100 g. of 
dry matter intake. Later, Titus [1927] investigated the endogenous N excretion 
of steers, the rations consisting of varying amounts of alfalfa and cellomass 
(dry paper pulp). He noted that the faecal N varied markedly with the moisture 
content of the faeces. By calculating all his results on an assumed 80% moisture 
content, he found, by extrapolation, that the metabolic faecal N was 0*34 g. per 
100 g. dry matter intake. 

In the present series of experiments an attempt has been made to obtain a 
value for the metabolic faecal N of goats and sheep by feeding N-free diets and 
rations of low N content. 

I. The effect of a nitrogen-free diet on the, faecal nitrogen excretion. 

Four goats and four sheep were used, the experiments being divided into 
three periods, (1) starvation, (2) low food intake, (3) high food intake. The 
energy was provided as starch and olive oil. The olive oil comprised 2% of the 
high food intake and 2-9 % of the low food intake diet. To provide roughage, 
12-40 % sawdust or paper was incorporated in the diet in the experiments with 
low food intake. In the experiments with high food intake the diet contained 
20% of sawdust. 2-5% of a salt mixture was given in all diets and 30 drops of 
adexolin daily to provide vitamins A and D. In the high food intake experiments 
the diet was calculated to give the maintenance energy requirements from 
Benedict & Ritzman’s [1926] figures for sheep. The N content of the diets was 
0*02 % except in three experiments with high food intake, in which there was 
0*48 % caseinogen and 0*32 % urea N. These diets contained rather less indigest¬ 
ible carbohydrate than the average normal diet, since it was not possible to give 
any more cellulose. The total food intake on the high food intake diet was there¬ 
fore less than normal. 

It was necessary to feed the diets by a bottle and stomach tube, since the 
animals would not consume a N-free diet of their own accord. About half the 
paper of the low food intake diet was, however, voluntarily consumed by the 
goats. It was not possible to perform satisfactory experiments on the sheep 
with the high food intake diet, since the animals became ill and eventually died. 
Apparently the fibre accumulated in the rumen instead of being passed on to the 
true stomach. The experiments lasted 6-14 days. All the starvation experiments 
lasted 7 days, during which water was given ad lib . as in the other experiments. 
The urine and faeces were collected daily. A preliminary period was given, 
usually 3 or 4 days, till the animals reached a constant N excretion. 
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There was some doubt as to the validity of results obtained by such a drastic 
method of feeding. They might be too low, if the fibre were to accumulate in the 
rumen instead of being regurgitated and then passed into the true stomach. This 
occurred when the sheep were given the high food intake, so that the faecal N 
was actually lower than with the low food intake, while the weight of faeces was 
also smaller. Nevertheless, it was possible to keep the goats up to 14 days on 
the high food intake and 21 days on the low food intake without any ill effects. 

However, in order to obtain more definite evidence on this point, an attempt 
was made to get some of the animals to consume a N-free diet voluntarily. After 
considerable difficulty it proved possible to feed to three goats a diet composed of 
starch, sugar, sawdust and a small quantity of straw. The amount of straw was 
too small to have affected the results even if it contained indigestible N. The 
details of these diets are shown in Table I. 10 g. of salt and 5 ml. of cod-liver oil 
were given to each animal daily. 


Table I. Daily rations. 



Body weight 

Starch 

Animal 

‘kg- 

g- 

1 

18-5 

114 

2 

14-2 

111 

3 

24-0 

154 


Sawdust 

Oat straw 

Sugar 

g- 

g- 

«• 

10 

101 

10 

17 

87 

10 

14 

95 

10 


The results of the two series of experiments are shown in Fig. 1, where 

Faecal N . , , . . Food intake , , - Al _ 

--- 18 plotted against-s in order to compensate for the 

(Body weight)! (Body weight)! 

difference in size between the different animals. The general form of the 
graph is in agreement with that obtained with the one-stomached animal. The 



(Body weight)^ 


Fig. 1. Faecal N excretion of goats and sheep. 

constant fraction is a fairly large proportion of the total metabolic faecal N. The 
points corresponding to the animals which ate voluntarily (denoted by crosses) 
lie in the centre of the distribution of points. It appears therefore that forcible 
feeding did not affect the general trend of faecal N excretion. 

The line of the graph corresponds to a metabolic faecal N of 0*60 g. per 100 g. 
dry matter food intake at the high food intake level. As explained above, this 
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point on the graph corresponds to a food intake which is below the normal. At 
the normal food intake the value would be 045, which is lower than Morgen’s 
figure of 0-51 for the sheep. The metabolic faecal N of the goat and sheep 
appears then to be relatively high, being in fact about double the endogenous 
urinary excretion. 

II. The effect of fibre on the metabolic nitrogen excretion. 

The effect of indigestible non-nitrogenous substances on endogenous faecal 
N excretion has been studied with rats fMendel & Fine, 1012; Mitchell, 1924]. 
It was found that there was an increase in faecal N which depended on the amount 
of roughage ingested. With the ruminant, fibre is a very essential part of the 
ration. Jt was important, therefore, to discover whether the effect of fibre on 
the metabolic faecal N excretion of the ruminant was similar to that found with 
rats. 

Two series of experiments were carried out on goats. Three animals which 
had been forcibly fed on the low food intake diet in the first series of experiments 
were given a further experimental period in which paper was substituted for half 
the starch. The total food intakes were slightly different in both experiments, 
but this was insufficient materially to affect the results. The experimental 
periods w r ere of ff-8 days’ duration. 

It will be seen that the fibre invariablv increased the metabolic faecal N 
(Table II). 


Table II. The (ffect of fibre on the faecal nitrogen excretion. 


Diet without fibre Diet with fibre 



Body 

c ' 

Starch etc. 

Pn]K»r 

Starch etc. 

Paper 

Faecal N with¬ 
out fibre (g.). 

Faecal N with 
fibre (g.) 

Goat 

weight 

(dry) 

(dr\) 

(dry) 

(dry) 

100 g. dry 

100 g. dry 

kg. 

g- 

g- 

g* 

fi- 

food intake 

food intake 

4 

63 

366 

0 

323 

63 

0-503 

0-585 

5 

23 

147 

0 

133 

23 

0*490 

0*550 

6 

39 

262 

0 

226 

72 

0-410 

0-450 


A more accurate series of experiments was attempted on three further 
goats. The periods of collection in these experiments w r ere 10 days, exclusive of 
the preliminary period. Paper and cellophane w r ere used as the source of fibre 
and it was found possible to make a greater change in the fibre content of the 
two diets. 

it will be seen (Table III) that animal 6 had a completely N-free diet while 
the small quantity of maize and oats in the diets of the other two animals was 
not sufficient to affect the results even if the digestibility had fallen slightly in 
the high-fibre period. 

* F Table III. 


Low-fibre diet High-fibre diet 



Body 

weight 

Oats and 
flaked maize 

i i 

Paper 

Starch 

etc. 

Oats and 
maize 

_ 

Paper and 
cellophane 

Starch 

etc. 

Goat 

kg. 

g- 

g* 

g- 

g* 

g. 

g- 

5 

23 

30 

10 

173 

30 

101 

82 

3 

24 

30 

10 

114 

30 

82 

48 

6 

38 

0 

23 

236 

0 

126 

144 


As in the first series of experiments, the additional fibre increased the 
metabolic faecal N of each animal (Table IV). It is possible that the large in¬ 
crease noted would have been reduced on a higher food intake. This, however, 
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Table IV. 


Goat 

5 
3 

6 


Faecal N on low* 
fibre diet 
g- 

MO 

0-87 

1-24 


Faecal N on high- 
fibre diet 
g- 

1-84 

109 

1-78 


Difference in fibre 
content of 2 diets 
g- 
75 
67 
100 


Increase in faecal 
N/100 g. fibre 
g- 

1*77 

0-59 

0-97 


Mean Ml 


proved impossible to investigate, since the animals did not maintain their 
appetites when more food was given. 

Since the effect of fibre on the metabolic* faecal N was so great it seemed 
possible that the true digestibility of straw, which contains 35% of fibre, might 
be higher than has been generally supposed. If this were so, straw might be 
used as roughage in determining the metabolic faecal N of the cow, which will 
not consume cellophane or paper. Two of the goats which ate voluntarily, in a 
previous experiment (p. 1684), the diet containing starch, sugar, sawdust and a 
little straw, were therefore given a diet composed only of straw with the same 
quantity of salts and cod-liver oil. 

It appears from the results (Table V) that the true digestibility of straw, 
using the goat as experimental animal, is 100%. It must, however, be remem- 


Table V. The digestibility of straw. 


Goat 


Daily intake 
g- 

N 

ingested 

g- 

1 

Low-straw 

114 starch + sugar 
10 sawdust 

101 straw 

0-31 

1 

High-straw 

213 straw 

0-65 

2 

Low-straw 

111 starch + sugar 
17 sawdust 

87 straw 

0*25 

2 

High-straw 

248 straw 

0-70 


Difference 
in met. 
faecalN 
(due to 

Difference Difference difference 


Faecal N 

in straw 
intake 

in fibre 
intake 

Difference 
in faecalN 

in fibre 
intake) 

g- 

g* 

g- 

g- 

g- 

116 

— 

— 

— 

— 

1*55 

112 

34 

0-39 

0-38 

1*18 

— 

— 

— 

— 

1-64 

161 

47 

0-46 

0*52 


True digestibility of straw 100% with both animals. 


bered that the experimental error involved in the measurement of small dif¬ 
ferences in faecal N is large. Also the number of experiments is small. Never¬ 
theless it can be concluded with safety that the true digestibility of straw is high. 
This would explain the remarkably close agreement between the results of the 
present series of experiments and those of Morgen, who fed extracted straw in 
the diet. 

III. The metabolic faecal nitrogen excretion of the cow. 

Since, in order to determine the biological value of food proteins in the 
ruminant for maintenance or production, the cow or steer is the animal most 
generally used, it seemed advisable to obtain values for excretion of endogenous 
origin for the cow instead of assuming that the result for one species, the goat, 
would hold for other ruminants. For this purpose, two cows A and B were used, 
the low-N ration fed consisting of straw, maize and staroh (Table VI). 
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Table VI. 


Starch equivalent N content 

lb. g. 

1 lb. flaked maize 0*84 7*25 

12 lb. straw 2-52 17-40 

2-25 lb. starch 2-25 1*02 

200 ml. linseed oil MX) _ 0 00 

6-61 25-07 


Straw was used instead of paper or cellophane, since neither of these 
materials was eaten in sufficient amount to satisfy the needs of the animals for 
bulk in the ration. Since, however, straw had shown a remarkably high digesti¬ 
bility with goats, and since a further experiment with the two cows showed that 
the faecal excretion after ingestion of only 16 lb. straw did not differ from the 
excretion on the above diet, it seems safe to assume that the faecal N excreted 
has been very close to the actual metabolic faecal N. It can also be concluded 
that the maize had a digestibility very similar to that of straw. Further con¬ 
firmation appears from the fact that the apparent digestibility of maize is over 
90%, which will give a true digestibility of approximately 100%. 

Preliminary periods of about 6 days were given with both animals before 
collection and analysis, while the actual experimental periods were 6 days for 
cow A and 9 days for cow B. A third experiment was performed on an animal 
(cow C) which had a rumen fistula. The straw was eaten voluntarily, while 
starch which formed the concentrate part of the ration was put into the rumen 
by way of the fistula. The eow was fed 2 lb. starch and 14 lb. straw. The results 
of all three experiments are shown below (Table VII). The food in all experi¬ 
ments contained 10% moisture. 

Table VII. 

Daily food intake Daily faecal N Faecal N/100 g. 

Ib. g. dry food intake 

15-5 29-9 0*48 

15-5 26*0 0*42 

140 25-0 0*44 

Mean 0*45 

It appears that the faecal N of the eow like that of the goat and sheep is very 
high, the amount per 100 g. food intake being about double that of the one- 
stomached animal. The large quantity of indigestible carbohydrate in the diet 
of the ruminant may be the cause of this. 

In order to find out the size of the constant fraction of the metabolic faecal N 
of the cow, cows A and B were starved for 7 and 9 days respectively (Table VIII). 
The faecal N of cow A became steady after 3 days and averaged 5*9 g. daily. 
The faecal N of cow B became steady after 2 days and averaged 10*1 g. daily. 
Two further cows C and D were starved for 9 and 12 days, while collections were 
made on the last 6 and 9 days respectively. The faecal N of cow C was 3*9 and of 
cow D 8*1 g. daily. If it had been possible to continue the starvation longer it is 
probable that the faecal N would have fallen still further, as in Carpenter’s [1927] 
experiment on steers. During the period under observation, however, it re¬ 
mained fairly steady, and, since this period is one with a negligible food intake 
(the food which remained in the rumen when the fast commenced was slowly 
passed through the alimentary canal) it probably gives a fairly accurate figure 
for the oonstant fraction of the metabolic faecal N. It appears that the constant 


Cow 

A 

B 

V 
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Table VIII. Daily faecal nitrogen excretion during starvation . 


Faecal N (g.) 


Day of 

,- 


- A- 


■ - ■■ - X 

fast 

Cow A 

Cow B 


Cow C 

Cow 1) 

1 

25-91 

26-67 


32-00 

20-48 

2 

37-51 

15-50 


22-84 

9-56 

3 

14-64 

15-14 


6-68 

22-36 

4 

6-39 

10-50 


3-98 

5-93 

5 

5-12 

11-80 


4-25 

9-13 

6 

4-93 

5-16 


5-51 

9-78 

7 

6-53 

10-61 


2-07 

8-03 

8 

— 

8-86 


2-50 

7-50 

a 

— 

32-95 


4-84 

8-96 

10 

_ 

6-46 


— 

8-72 

i] 

— 

— 


— 

3-65 

12 

— 

— 


— 

11-59 


fraction is specific for the different animals. The mean faecal N for all four cows 
during starvation was 7 g. daily, about one-quarter of the metabolic faecal N on 
a normal ration. 


The endogenous urinary nitrogen. 

During the above experiments a detailed study of the endogenous urinary 
excretion was also undertaken, together with a study of the fasting catabolism. 

I. The fasting catabolism of ruminants. 

Much work on fasting protein catabolism has been done in the past using 
one-stomached animals, experiments which, up to 1920, have been admirably 
reviewed by Cathcart [1920]. After that date little of note was produced until 
the publication of Boy [1934]. In a series of experiments, using rabbits, pigs and 
dogs as experimental animals, Boy claimed that the increase in N excretion 
during a fast following a N-free diet was composed in the main of urea, ammonia 
and creatine. The results, however, do not warrant the conclusions drawn, since 
whereas in some cases an increase in ammonia excretion was definite, in others no 
increase or even a decrease was found. Boy concluded that N metabolism in 
starvation is merely enhanced protein catabolism, similar to that found after 
ingestion of protein. It will be shown that the metabolism during a fast is very 
similar with all species of animals, both ruminant and one-stomached, and the 
conclusion that this can be reproduced by the feeding of protein appears to be 
correct. 

In the past little attention has been paid to the N metabolism of the fasting 
ruminant. Grouven [1864] noted a daily loss of 50-60 g. urinary N in the cow. 
Various workers have determined the amounts of one or two constituents in the 
urine of fasting ruminants [Prayon, 1910; Palladin, 1924; Sjollema & van der 
Zande, 1923], but little of any importance was published until the detailed study 
with steers by Benedict & Ritzman [1927]. The full results of this investigation 
published by Carpenter [1927] showed that the N excretion per kg. body weight 
in 24 hours was 0-064-0-075 g. at a maximum. Expressed as percentages of the 
total N the urea N rose markedly whilst the amino-acid and hippuric acid N fell, 
the ammonia N remaining more or less unchanged. No ketonuria was noted, a 
fact which agreed with the findings of Sjollema & van der Zande £1923]. Prom 
the results Carpenter concludes that the effect of the previous diet had not 
disappeared till the 4th to the 6th day of the fast, from which day the true 
fasting base line can be taken. 



Table IX. Fasting catabolism of ruminants. 


Day of 

Total N 

UreaN 

Ammonia 

N 

Amino- 
acid N 

Preformed 

creatinine 

Creatine 

Sulphur 

S:N 

fast 

g* 

g- 

g- 

mg. 

g- 

g* 

g- 


1 

14-95 

4-31 

Cow A. 
5-90 

417 kg. 
0 

Low-N diet. 
3-97 

0-74 

2*31 

1: 6-5 

2 

19-94 

7-21 

4-94 

870 

5-40 

1-80 

2-01 

1: 10-0 

a 

19-lfi 

8-61 

2-47 

no 

3-16 

. 3-44 

1-08 

1 : 17*7 

4 

28 13 

16-75 

2-15 

140 

5-06 

1-59 

1-20 

1 : 23-4 

5 

27 32 

17-77 

1-83 

40 

3-68 

1-92 

1-15 

1:23-7 

6 

49-45 

29-24 

2-14 

270 

5-52 

3*18 

2-16 

1: 22-9 

7 

54-12 

32-36 

2-69 

370 

5-65 

3-09 

2-24 

1 : 24-1 

1 

19-71 

4-19 

Cow. B. 
5*17 

453 kg. 
320 

Low-N diet. 
4-73 

0-25 

1-26 

1 : 15-7 

2 

34-06 

20-68 

2-12 

250 

6-39 

0*90 

2-52 

1 : 13-5 

a 

42-67 

28-50 

2-10 

260 

5-95 

1-78 

3-06 

1 : 13-8 

4 

41-88 

28-70 

1-40 

240 

5-45 

1-92 

2-88 

1 : 14-6 

r> 

34-98 

21-94 

2-42 

150 

5-99 

1-60 

1*13 

1 : 30-9 

6 

3221 

19-13 

2-47 

340 

6 12 

1-90 

5-04 

J : 6-4 

7 

40-76 

24-58 

3-95 

3(H) 

652 

2-03 

2-47 

1 : 16-5 

8 

46-71 

26-07 

7-48 

340 

623 

2-40 

3-42 

1 : 13-7 

9 

43-96 

27-43 

4-57 

150 

5*69 

1-72 

2-59 

1 : 17*0 

10 

42-78 

23-05 

5-55 

440 

5-31 

1-24 

2-58 

1 : 16-6 

1 

7 50 


Sheep A. 37 kg. pasture, 
mg. mg. 

mg. 



2 

5 36 

4-49 

13U 

20 

330 

150 

— 

— 

3 

7-35 

5-88 

90 

30 

540 

250 

— 

— 

4 

10-85 

8-46 

130 

20 

750 

130 

— 

_ 

5 

6-28 

5-11 

120 

10 

— 

— 

— 


0 

5-15 

— 

— 

__ 

— 

— 

— 

— 

1 

_ * 


Sheep B. 36*5 

kg. pasture. 




2 

-t 

_ 

_ 

— 

_ 

_ 

_ 

_ 

a 

15-22 

12-20 

300 

140 

1190 

750 

— 

— 

4 

8-94 

7-51 

310 

20 

650 

760 

— 

— 

r> 

4-06 

3*15 

150 

0 

— 

— 

— 


6 

5-63 

— 

— 

— 

— 

— 

— 

— 

7 

7-16 

6-28 

480 

30 

— 

— 

— 

— 

1 

5-07 

272 

Goat 1. 
1000 

62 kg. 
30 

Low-N diet. 
740 

140 



2 

7-31 

547 

410 

40 

760 

490 

... 

— 

a 

7-30 

5-31 

120 

50 

710 

200 

— 

— 

4 

7-35 

6-31 

200 

20 

710 

630 

— 

— 

fi 

7-02 

5-55 

330 

_ 

_ 

— 

— 

— 

6 

7-20 

_ 

_ 

_ 

_ 

_ 

— 

— 

7 

5-38 

3-33 

1040 

40 

— 

— 

— 

— 

1 

2-05 

0*95 

Goat 2. 
40 

24 kg. 
10 

Low-N diet. 
390 

0 



2 

3-76 

2-69 

90 

30 

520 

60 

— 

— 

3 

3-67 

2-84 

120 

40 

390 

70 

— 

— 

4 

1-73 

1-29 

80 

20 

220 

150 

— 

— 

5 

1-15 

— 

150 

— 

— 

— 

— 

— 

fi 

4-58 

— 

— 

— 

— 

— 

— 

— 

1 

2-83 

2-08 

Goat 3. 
190 

40 kg. 
20 

Low-N diet. 




2 

5-56 

2-88 

160 

40 

1060 

170 

— 

— 

3 

fi-25 

4-33 

270 

60 

510 

90 

— 

— 

4 

4-47 

3-26 

220 

30 

670 

360 

— 

— 

5 

7-62 

5-19 

340 

— 

— 

— 

— 

— 

fi 

5-06 

— 

— 

— 

— 

— 

—— 

— 

7 

4*36 

2-18 

210 

40 

— 

— 

— 

— 


* First day of fast. f First day of fast* No urination on first two days of fast. 
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In the present investigation the results are shown of the fasting catabolism 
of goats, sheep and cows following a low-N diet. It will be seen (Table IX) that 
starvation following a low-N diet causes an increase in urinary N excretion. 
With cow A the base line has been reached on the 6th day of the fast, whereas 
with cow B the level was reached on the 3rd day, although the previous diet 
was the same. With the goats and sheep the same marked rise in the output 
was noted. The daily N excretion per kg. body weight was 0-088-0*13 for the 
cows, 0-13 for the goats and 0-16 for the sheep. 

Regarding the urinary partition, the most marked effects are to be seen in 
the increases in urea and creatine excretion. If, as Boy states, the fasting 
catabolism is merely an accelerated protein catabolism, the difference between 
the true endogenous level and the fasting level should be typical of protein 
metabolism. The sole difference between the two types of catabolism, endo¬ 
genous and fasting, lies in the urea and creatine increases (Table X). A com¬ 
parison of the differences between low and high protein diets shows that there is 
perfect agreement between the two types of metabolism, that of tissue protein 
and that of ingested protein. 

Table X. 



Total N 

Urea N 

Ammonia N 

Amino- 
acid N 

Preformed 

creatinine 

Creatine 

Period 

g- 

g- 

8- 

g- 

g- 

g- 

Low-N 

2-52 

119 

Goat 1. 

0-47 

0-059 

0-28 

0-01 

Starvation 

6-93 

5-24 

0-42 

0-035 

0-26 

0-16 

Difference 

4-41 

4-05 

-0-05 

-0-024 

-0-02 

0-15 

Low-N 

1-40 

0-56 

Goat 2. 

0-22 

0-038 

0-18 

0-02 

Starvation 

3*44 

2-55 

0-11 

0031 

0-10 

0-04 

Difference 

2-04 

1-99 

0-11 

- 0-007 

-0-02 

0-02 

Low-N 

1-66 

0-70 

Goat 3. 

0-12 

0-045 

0-33 

0-02 

Starvation 

5-55 

3-63 

0-24 

0-044 

0-29 

0-08 

Difference 

3-89 

2-93 

0-12 

-0-001 

-0-04 

0-00 

Low-N 

12-70 

3-60 

Cow A. 

2-67 

0-39 

1-03 

0-17 

Starvation 

39-70 

24-00 

2-20 

0-20 

1-33 

0-05 

Difference 

27-00 

20-40 

-0-47 

-0-19 

0-30 

0-48 

Low-N 

20-90 

6-80 

Cow B. 

4-12 

0-63 

1-92 

0-33 

Starvation 

40-60 

24-40 

4-22 

0-28 

1-60 

0*49 

Difference 

19-70 

17-60 

0-10 

-0 36 

-0-32 

0-30 


Much work has been done on the sulphur excretion of the one-stomached 
animal during starvation. This has been collected and reviewed by Kahn & 
Goodridge [1926]. Discussing the N: S ratio in the urine, the authors state the 
old view that it is the result of catabolism of muscular tissue. The results do not 
appear to justify this statement completely, since the N: S ratio of muscle is 
about 16, whilst the N: S ratio of the urine during starvation is about 14. 
Terroine & Razafimahery [1935] have recently investigated the subject of 
S catabolism and have divided total starvation, following protein starvation, 
into three periods: (a) the first, in which a very marked but transitory increase 
in the N: S ratio occurs followed by as marked a fall—this is stated to be the 
result of partial catabolism of tissue proteins; (b) the second period, one in which 
the N: S ratio slowly decreases; a period in which, according to Terroine, all the 
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tissues are being catabolized; (c) the third and premortal period, which shows 
marked increases in the output of urinary N and S, but a decrease in the N: S 
ratio of the urine. 

With the ruminant the only work of note on S excretion during starvation is 
that of Carpenter [1927]. He found a constant increase in the N : S ratio as the 
fast progressed and in some cases obtained a figure of 60. 

In the present experiment cow A showed a progressive increase in the 
N: 8 ratio, from 6*5 to 24*1, whereas cow B, except for days 5 and 6, showed a 
steady ratio throughout the experimental period. The significance of these 
results cannot be stated, but it is interesting to note that when the endogenous N 
and S outputs are subtracted from the starvation levels, the N: S ratio of the 
difference is very close to that of muscle tissue. 

At present it is impossible to compare either these results or those obtained 
by Carpenter with Terroine’s, since the period corresponding to Terroine's first 
period may be very much longer in the cow, owing to the large size of the 
animal. It seems essential that a fast of much longer duration be carried out 
with the cow to determine the exact significance of the S excretion. 

It is worthy of note that only with two of the goats was any ketonuria noted, 
and this only intermittently and to a very small degree. This, as in the experi¬ 
ments reported by Carpenter and Sjollema, would presuppose complete meta¬ 
bolism of the body fat. 

The undetermined N was high, as Carpenter also noted, but tended to in¬ 
crease in total amount as the fast progressed, although the percentage amount 
decreased markedly. It may be assumed with safety that this fraction consists 
of the purine bodies, and it appears that the ruminant tends to retain these 
compounds by minimizing cellular catabolism during a fast. 

From a survey of all the results it seems possible to conclude that the N 
catabolism occurring during starvation is, for the first 7-10 days, the result of 
an enhanced protein breakdown. 

II. The mature of endogenous nitrogen metabolism. 

Much work has been done on the nature of the nitrogenous material cata¬ 
bolized during a N-free regime, since Folin [1905] postulated exogenous and 
endogenous forms of protein catabolism. Three theories regarding endogenous 
catabolism have been brought forward. Sherman [1920], confirming the earlier 
experiments of Osborne and Mendel [1914], assumed that the effect of ingested 
protein was to retard endogenous catabolism. When the ingested protein was 
completely efficient (i.e. as regards essential amino-acids) the endogenous N 
excretion would be minimum. This theory is completely opposed to the idea of 
a constant endogenous catabolism. Mitchell [1924] could not confirm the results 
of Sherman, finding, on the contrary, that all his evidence tended towards the 
theory of a constant endogenous catabolism. After reviewing all the work on 
the “ minimum ” endogenous catabolism Mitchell [1930] concluded that the 
precursors of the metabolites in all urine were the non-protein N compounds of 
the tissues, “each of which probably has some specific function to perform and 
is catabolized at varying rates in response to variations in the function it serves 

Terroine [1933] has reviewed the previous work and has concluded that the 
endogenous N metabolism arises from two sources. The urinary metabolites urea, 
ammonia and amino-acids, he states, arise from body protein catabolism, whilst 
the creatinine, creatine, allantoin and purine bodies arise from cellular catabolism. 

Recently Roche [1934] analysed the tissues of rats dying from total starvation 
and from protein starvation and claimed that the water-soluble (extractable) N 
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was an intermediary stage in tissue anabolism or catabolism. From the decreases 
in lysine, tyrosine and tryptophan after protein starvation, Roche concluded 
that with a N-free diet there is a progressive partial breakdown of muscle proto¬ 
plasm. In other words, the endogenous N is protein in origin, a theory closely 
allied to that of Terroine. 

With ruminants various experiments have been carried out to determine the 
endogenous N excretion [Morgen et al 1911, 1914; Hart et al., 1912; Steenbock 
et al., 1915; Honcamp et al., 1923; Scheunert et al., 1922]. For the cow values 
ranging from 04)29 to 0*045 g. N per kg. body weight have been obtained whilst 
with sheep the values range from 0*024 to 0*072 g. N. 

In the present experiments urine was collected daily from sheep and goats on 
the N-free diets and from cows on the low-N diet. In Fig. 2 the total urinary N 
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Fig. 2. Urinary N excretion of goats and sheep. 


per kg. body weight is plotted against the food intake expressed us energy per 
kg. body weight. For the sheep the mean value per kg. body weight is 0*063 on 
the low food (energy) intake diet, for the goats 0*044 on the low and high food 
(energy) intake diets, and for the cows 0*039 on the low-N diet. 

The urinary N partitions are shown in Tables X and XI. With all the 
animals as the food intake increases from the starvation level the percentages of 
urea and creatine decrease whereas the percentages of all the other constituents 
increase. From the results with the goats on the low and high energy intakes it 
appears that the true endogenous level of excretion has been attained on the low 
energy intake, except in the case of the creatine excretion, which is still slightly 
above the high energy level. With the cows the percentage urea excretion is 
slightly lower than with the goats and sheep, whilst the ammonia excretion is 
higher. Otherwise, with the three types of animals, the partition products 
expressed as a percentage of the total N output are very similar. 

From a survey of the results it is impossible to state from what source the 
endogenous N has arisen, but experiments are in process to investigate this 
subject more fully. 

Summary. 

1. Experiments were performed on goats, sheep and cows to obtain a figure 
for the endogenous excretion of N on a low-N diet. 

2. The metabolic N excretion on a normal diet approximated 0*45 g. per 
100 g. dry matter intake. 



N METABOLISM IN RUMINANTS 


1693 


Table XI. Partition products expressed as percentage of total N. 



UreaN 

Ammonia N Amino-acid N 

Preformed 

creatinine N Creatine N 

Qoat 1 

75*6 

Starvation. 

6*1 

0*5 

3*7 

2*3 

2 

74-2 

3*2 

0*9 

4*6 

1-2 

3 

65-5 

4-4 

0*8 

5*2 

1*4 

Sheep 3 

80-2 

1-6 

0*2 

% creatine + creatinine N of 
total N 

3*36 

4 

82*5 

3*1 

0*3 

5*50 


Cow A 

60*3 

5*6 

0*5 

4*7 

2*3 

B 

600 

10*4 

0-7 

5*5 

1*7 

Goat 1 

470 

Low food intake diet. 

18-7 2-34 

11-3 

0*5 

2 

40-2 

15*8 

2*70 

12*5 

15 

3 

42*4 

7*1 

2*70 

19*6 

1*2 

Sheep 1 

51*0 

11*2 

1*70 

13*0 

2*6 

2 

58*9 

18*3 

1*9 

19*2 

0*0 

4 

70*2 

11*9 

10 

11 2 

0*1 

Goat l 

471 

High food intake diet. 

11*0 1*7 

111 

0*4 

2 

20* 1 

11*4 

3*8 

20-9 

0*0 

3 

392 

16-8 

1*5 

20*5 

0*0 

Cow A 

26*9 

Low-N diet. 
19*9 

2*9 

11*4 

1*8 

B 

32 1 

19*4 

3*0 

11-3 

0*6 


3. The effect of fibre on the N excretion was studied with results closely 
approaching those with the one-stomached animal, the greater the amount of 
indigestible dry matter the larger the faecal N. When this factor is taken into 
account it has been shown that the N of straw, which has an apparent digesti¬ 
bility of 30 %, has a true digestibility of 100 %. 

4. A study of the constant fraction, the N excretion during starvation, has 
been undertaken. 

5. The urinary excretion of N during fasting and on a low-N diet has been 
examined. During the fast the N excretion per kg. body weight varied from 
0 088 to 0-13 g. with the cows, and to 0*16 g. with sheep. Further evidence that 
the fasting catabolism is merely an accelerated protein catabolism has been 
obtained. 

6. The endogenous N excretion per kg. body weight varied from 0*063 with 
sheep, 0*044 with goats, to 0*039 with cows. 

The authors wish to thank Dr N. C. Wright and Dr H. Chick for their 
invaluable advice and criticism. 
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CCXXXIX. THE DIGESTIBILITY OF DIETARY 
PROTEIN IN THE RUMINANT. 

II. THE DIGESTIBILITY OF PROTEIN FOLLOWING A 
PROLONGED FAST, WITH A DETAILED STUDY 
OF THE NITROGEN METABOLISM. 

By JOHN CHARLES DUNCAN HUTCHINSON 
and SAMUEL MORRIS. 

From the Hannah Dairy Research Institute , Kirkhill , Ayr. 

(Received 8 February 1936.) 

In the preceding paper [Hutchinson & Morris, 1936] it was shown that the 
faecal N could be divided into three fractions, (a) a constant fraction, ( b ) the 
true metabolic faecal N and ( c) a fraction dependent on the N content of the 
diet. Only the first and second fractions were dealt with. The present publication 
deals specifically with the third fraction. 

In a series of publications on the nutritive value of proteins for milk produc¬ 
tion Morris & Wright [1933,1934] noted 
that, when foods containing protein of 
high biological value were ingested, a 
lowered N digestibility was found. This 
general relationship is shown in Fig. 1. 

Further work has confirmed the results 
[Morris & Wright, 1936]. Moreover, in 
another series of experiments designed 
to determine the nutritive value of 
proteins for maintenance [Morris & 

Wright, 1935] a similar general re¬ 
lationship was obtained. When this 
observation was first noted the authors 
wrote: “At first sight it seemed possible 
that this might be due to normal variations in digestibility..., but the possibility 
must be considered that the body itself can to some extent adjust the assimila¬ 
tion of N from, or re-excretion of N into the gut according to its needs... .It is 
not unreasonable to assume that absorption from the gut might be stimulated 
when inadequate rations were fed.” They also suggested an investigation into 
the effect of varying levels of food intake on digestibility. 

The immediate object of the present series of experiments was to determine 
whether the same food would show an altered apparent digestibility when fed 
at the same level to an animal under circumstances in which the requirements of 
that animal for essential amino-acids varied markedly. 1 This was carried out by 
feeding a low-N diet to an animal and following this with a period of prolonged 
starvation until the animal was in marked N debt. When a large amount of N 

1 In previous work it has been shown that the biological value of proteins for ruminants 
depends chiefly on their contents of lysine and tryptophan. 

( 1695 ) 



Fig. 1. Relation between biological value 
and faecal nitrogen. 
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had been lost, a protein of high biological value was added to the basal diet. This 
ration was continued until the N deficit had been reduced to minimum amounts. 
Any alteration in the faecal N excretion could then at once be observed. 

Experimental method . 

Two cows were used, both having terminated their period of lactation about 
30 days before the commencement of the experiment. The rations fed are shown 
in Table I. Bean meal was selected as the protein of high biological value since it 


Table I. Details of daily rations for both animals. 




N intake 

Energy intake 
as lb. starch 

Period 

Ration 

g* 

equivalent 

1 

1 lb. maize 

12 lb. straw 

2*25 lb. starch 

200 ml. linseed oil 

25*67 

6*61 

2 

Starvation 

— 

— 

3 

1 lb. maize 

12 lb. straw 

3*75 lb. bean meal 

200 ml. linseed oil 

92*65 

6*84 

4 

1 lb. maize 

12 lb. straw 

1*25 lb. bean meal 

1 *65 lb. starch 

200 ml. linseed oil 

47*32 

6*84 

5 

Same as period 3 

92*65 

6*84 

6 

1 lb. maize 

12 lb. straw 

1 lb. gelatin 

0*5 lb. starch 

400 ml. linseed oil 

92*65 

6*80 


has been shown [Morris & Wright, 1933] that for milk production it has a fairly 
high value, about 60, while Morris [1934] has shown that the % N as lysine and 
tryptophan is relatively high. The basal ration of straw and maize remained 
constant throughout the feeding periods, but the starch intake was varied with 
the addition of the beans in order to keep the energy content of the diet steady 
throughout the complete experiment. A final period in which gelatin replaced 
the bean meal was included. 

, % >r . ' Discussion of results. 

(a) Nitrogen balance. 

The N balances for each period are shown in Table II. It will be seen that 
before feeding the first high protein diet the two animals were in N debt to the 
extent of 394 g. and 697 g. respectively. At the commencement of the second 
period of high protein the debts were only 75 g. and 282 g. N. The former is 
minimum and can be ignored, but the latter is definitely high. It may be noted 
that, whereas cow 1 had a fairly large positive balance on the second period of 
low-N diet, cow 2 registered a loss of N. This is peculiar since cow 2 was in N 
debt to a far greater extent during this period of low-N diet than cow 1. From 
the balance figures it is obvious, however, that, in the first period of high protein, 
requirements were high, whereas in the second period for cow 1 they were 
minimum. With cow 2 the N requirements were minimum about midway 
through the second period of high protein feeding. 



RE-ALIMENTATION AND N METABOLISM 


1097 


Table II. Nitrogen balances. 


Period 

Intake 

Output 

Balance 

Total Iosb Total loss 

g- 

g- 

Cow 1. 

g- 

g.N 

g. N 


1. Low-N 

154 02 

254*30 

-100*281 

394-37 


2. Starvation 

0*00 

294*09 

- 294*09) 

75*07 

3. 1st high-N 

4. Low N 

926*50 

670*51 

+ 255*99 


851*76 

788*45 

+ 63*31 



5. 2nd high-N 

741*20 

482*78 

+ 268-42 

_ 

_ 

6. Gelatin 

1019*15 

787*73 

+ 231*42 

— 

— 



Cow 2. 




1. Low-N 

23103 

424*73 

-193*70) 

697*26'| 


2. Starvation 

0-00 

503*56 

- 503*56) 

282-08 

3. 1st high-N 

1667-70 

1225*39 

+ 442*31 

i 

4. Low-N 

61516 

642*09 

- 27*13 

I 


5, 2nd high-N 

1111-80 

816*71 

+ 295*09 

_ 


6. Gelatin 

370*60 

274*04 

+ 96*56 

— 

— 


(b) Faecal nitrogen excretion. 

Daily faecal N excretions are shown in Fig. 2, and the corresponding figures 
for the digestibility during each period are shown in Table III. Following the 



very low output during starvation, there is a rise in faecal N in the first period of 
high protein feeding. The level is, however, not significantly higher than that 
found during the ingestion of the low-N diet, and the digestibility of bean meal is 
90 %. With cow 1 the period on low-N can be subdivided into two portions. The 
first is that in which bean meal shows a digestibility of 100% and the second 
where the faecal N rises markedly and the digestibility falls to about 73%. 
With oow 2 the digestibility falls immediately to about 70% in the low-N 
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Table III. Digestibilities of bean meal and gelatin. 



Intake of N 
added to basal 
diet 

Output of 
faecal N 

Basal output 
of faecal N 

% 

Period 

g- 

g- 

g- 

digestibility 

1st high-N 

60-98 

Cow 1. 

36-34 

29-68 

90-0 

Low-N (a) 

21-65 

24-85 

29-68 

100-0 

Low-N ( b) 

21-65 

35-58 

29-68 

72-8 

2nd high-N 

06-98 

43-07 

29-68 

80*0 

Gelatin 

66-98 

30-36 

29-68 

99-0 

1st high-N 

Low-N 

66-98 

Cow 2. 

32-00 

26-29 

91-5 

21-65 

32-50 

26-29 

70-1 

2nd high-N (a) 

66-98 

34-77 

26-29 

87-3 

2nd high-N (b) 

66-98 

49-64 

26-29 

05-1 

Gelatin 

06-98 

25-55 

26-29 

100-0 


period. When the high protein diet is again resumed the digestibility of the 
bean meal shows a figure of 80 % with cow 1, whereas the decrease below the 
level of the first high-N period only occurs midway through the period with 
cow 2. With gelatin the digestibility rises once more to 100%. 

The total weight of faeces and the percentage dry matter are of interest 
(Table IV). Comparing Tables III and IV it will be seen that an increase in 


Table IV. Amount of faeces and dry matter excreted. 


Period 

Wt. of faeces 
(wet) 
g- 

Wt. of faeces 
(dry) 
g- 

Dry matter 

% 

1st high-N 

Low-N (a) 

Cow 1. 
15,475 

3021 

19-5 

13,286 

2222 

16-7 

Low-N (6) 

18,591 

2528 

13-6 

2nd high-N 

20,630 

2569 

12-4 

Gelatin 

14,357 

2170 

15-1 

1st high-N 

Low-N 

Cow 2. 
11,677 

2118 

18-1 

14,150 

2381 

168 

2nd high-N (a) 

16,125 

2387 

14-8 

2nd high-N (6) 

20,583 

2855 

13-9 

Gelatin 

12,688 

2005 

15-8 


faecal N corresponds to an increase in total faecal weight, with a very slight 
increase, if any, in the amount of dry matter excreted. The faecal N varies 
directly with the moisture content of the faeces, the digestibility of total dry 
matter remaining constant. This fact was noted by Titus [1927]. It appears that 
the apparent digestibility of any foodstuff is not related to the digestibility of the 
total dry matter ingested, but varies rather with the moisture content of the 
faeces. 

The low digestibility of the N given in the low protein period in cow 2 is 
presumably due to a temporary irregularity, since the water content of the 
faeces in this period was not high, nor was the faecal weight. The error of the 
experiment is naturally larger when a low-N diet is fed. 

(c) Nature of the faecal nitrogen. 

Having obtained evidence that with the same food different app$pent digesti¬ 
bilities could be observed according to the requirements of the animal, it seemed 
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desirable to investigate the nature of the excess faecal N. Dried samples of the 
faeces which had been collected throughout the experiment were therefore 
analysed for total N before a more detailed examination. The results were un¬ 
expected, for the whole of the excess N was found to be lost on drying at 180° for 
1 hour. The samples of faeces obtained during the first high-N, the second high-N 
and the gelatin periods were analysed. The results are summarized in Table V, 


Table V. 

Loss of nitrogen on drying faeces at 180° for 1 hour. 

No. of 

% samples Mean % loss Standard 

Period 

digestibility 

analysed 
Cow 1. 

on drying 

deviation 

Gelatin 

99-0 

6 

2-86 

7*09 

1st high-N 

900 

10 

9*60 

7*75 

2nd high-N 

80*0 

8 

Cow 2. 

25*97 

9*34 

1st high-N 

91-5 

8 

2*52 

9*27 

2nd high-N {a) 

87-3 

5 

7-94 

7*40 

2nd high-N (b) 

651 

4 

19*22 

403 


the mean percentage loss on drying being recorded side by side with the per¬ 
centage digestibility. It will be seen that as the digestibility falls the percentage 
loss rises. Considerable variations were found between individual samples, as is 
apparent from the relatively high standard deviations. The differences between 
the first and second periods are not statistically significant, between the second 
and third periods they are barely signilicant, but between the first and third 
periods they are definitely significant—the probability of such differences occur¬ 
ring by chance being less than 1 in 100. 

From these facts it seems safe to conclude that the excess N excreted during 
the later periods of high-N feeding is composed of compounds which are (a) volatile 
or decomposed at 180°, or (b) transformed by heating at this temperature into 
nitrogenous bodies which cannot be estimated by the Kjeldahl method, as, for 
example, compounds containing the pyrrole ring structure. 

(d) Total vrinary nitrogen. 

No detailed study of the changes in N metabolism following prolonged periods 
of both protein and total starvation has been undertaken in the past. Benedict 
& Ritzman [1927] make a brief reference to one or two results with starving 
steers. They found that for the first two days after feeding there was a marked 
fall in total N excretion together with a fall in both total and percentage urea 
and creatine N. The amino-acid N and hippurie acid N, on the other hand, in¬ 
creased markedly, whilst only a very slight percentage increase in ammonia N 
was noted. These changes were particularly noticeable after the first period of 
re-feeding. In the present experiment a detailed study of re-alimentation in the 
ruminant is presented. 

Fig. 3 shows the urinary N throughout each feeding period, together with the 
results of the previous protein and total starvation periods. Two facts are 
evident from the results. The urinary N during the period of high protein feeding 
immediately following starvation is only slightly less than that found during 
starvation. As with Benedict's steers the first feed caused a marked fall in 
urinary N, with a rise in the succeeding days. Also the output in this period is 
higher than in the succeeding high protein period. Calculation of the percentage 
utilization of the absorbed N clearly illustrates this difference. With the first 
high-N diet the N excretions due to the food intake are 18*0 and 15*2 g. respec- 
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tively for the two cows (obtained by subtracting the endogenous N of the 
period before the starvation from the average daily excretion). The total ab¬ 
sorbed N is 86 g. daily, which gives utilizations of 80 and 83 %. In the second 
high-N period the nitrogen excretions were 4*7 g. and 4*6 g. respectively. With a 
true intake of 65 g. N daily there are utilizations of 93 % with both animals. 
There are two possible explanations of this result. Either the caloric require- 



Fig. 3. Urinary excretion. 


ments immediately following starvation may be higher than the normal require¬ 
ments, resulting in the deamination of amino-acids for energy purposes, or the 
ability of the animal to retain absorbed N may be somewhat impaired following 
a prolonged period of undernutrition. 

The second fact of importance is that the urinary excretion in the second low- 
N period is lower than that in the first, before the starvation. This is interesting 
since the N intake in the second period is 16 g. higher daily, being supplied in the 
form of bean meal, a protein which was found to have a fairly high biological 
value for milk production [Morris & Wright, 1933]. Prom the very low N intake 
during the first low-N diet and from the maintenance requirements of the cow 
[Morris & Wright, 1935] it has been assumed that the urinary N excretion during 
this period is endogenous N. Since the addition of a fairly large amount of bean 
meal protein causes a decrease in N excretion, it appears that there is some 
evidence, in the ruminant, for Sherman’s [1920] theory of decreased endogenous 
N with addition to the diet of a protein of high biological value. 

With gelatin, owing to deficiencies of certain essential amino-acids, the 
urinary N excretion is higher than with bean meal. 

(e) Urinary partition of nitrogen . 

From a study of the N partition in the urine (Table VI) it will be semi that 
ingestion of food after a period of starvation causes marked alterations. Whereas 
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Table VI. Average daily urinary partition of nitrogen following starvation . 


Figures in brackets represent percentages of total N. 



Total N 

Urea N 

Ammonia N 

Amino-acid 

N 

Preformed 
creatinine N 

Creatine N 

Ration 

g- 

g- 

g- 

g- 

g- 

g- 

Starvation 

39-70 

24-00 (60-3) 

Cow 1. 
2-20 ( 5-6) 

0-20 (0-5) 

1-33 ( 4-7) 

0-65 (2-3) 

1st high-N 
Low-N 

30-70 

9-90 (32-2) 

7-20 (23-4) 

1-00 (3-3) 

2-17 ( 7-1) 

0-36 (3-6) 

10-41 

1-36(13-1) 

2-57 (24-7) 

0-42 (4-0) 

1-63 (15-6) 

0-18(1-7) 

2nd high-N 

17-27 

5-00 (28-9) 

3-08(17-8) 

0-34 (2-0) 

1-67 ( 9-7) 

0-49 (2-8) 

Gelatin 

35-28 

17-32 (49-1) 

10-78 (30-5) 

Cow 2. 
4-22 (10-4) 

1-20 (3-4) 

1-91 ( 5-4) 

0-36 (3-2) 

Starvation 

40-60 

24-40 (60-0) 

0-28 (0-7) 

1-60 ( 5-5) 

0-49(1-7) 

1st high-N 
Low-N 

36-08 

15-84 (43-8) 

8-30 (23-0) 

0-92 (2-6) 

2-25 ( 6-2) 

0-15 (0-4) 

16-86 

4-64 (27-5) 

3-44 (20-4) 

0-36 (2 0) 

2-01 (11-9) 

0-10 (0-6) 

2nd high-N 

25-86 

9-38 (36-3) 

4-68 (18-0) 

1-14(4-4) 

2-39 ( 9-2) 

0-31 (1-2) 

Gelatin 

42-96 

— 

— 

— 

— 

— 


the percentage of urea N falls the percentages of the other products increase 
markedly. These results confirm the findings of Benedict & Ritzman [1927]. 

It is of interest to note the difference between the partitions on the low and 
higli protein (2) diets when the protein requirements are high. An increase is 
found in both total and percentage urea N excretions, whereas little change can 
be seen in the ammonia and amino-acid excretions. The preformed creatinine 
excretion remains constant in amount although the percentage falls on changing 
to the high protein ration. The creatine output increases in both total and 
percentage amounts. These results, except for the ammonia N excretion, agree 
closely with the results obtained by Folin [1905] on man. 

When, however, the ingested protein cannot be used for tissue production 
purposes, as in the first high protein period and the gelatin period, the partition 
products are altered. Marked increases in total urea, ammonia and amino-acid 
N are found. As regards percentage output, the urea N alone shows a marked 
increase, the ammonia and amino-acids remain fairly constant, while the 
creatinine decreases. 

From the complete series of results it appears that, with the ruminant, 
increased deamination leads to an increase in the total amounts of urea, 
ammonia and amino-acid N excreted. With the creatine no definite conclusions 
can be drawn, and it may be concluded that deamination has little effect on the 
urinary excretion of creatine. On the other hand, when the ingested protein is 
being used for tissue anabolism, a definite increase in creatine output occurs. 
Similarly during tissue catabolism, as in the starvation results, a marked increase 
in creatine output is found. It is evident that creatine excretion in the ruminant 
is controlled by cellular activity and is in no way affected by that portion of the 
ingested protein which is deaminated either to supply energy needs or because 
an excess of protein has been ingested in the diet. 

(/) Sulphur excretion . 

It has been shown in the previous paper [Hutchinson and Morris, 1936] that 
during starvation the N: S ratio of the excreted products is, after deducting the 
endogenous excretion, the same as that of muscle tissue. In the present paper 
the effect of feeding following a fast is studied, i.e. the changes which occur in the 
S excretion when anabolism is in progress. Wilson [1933] has shown that, with 
the one-stomached animal, S excretion during tissue catabolism and S retention 
during anabolism precede N excretion and retention. During starvation (i.e. 
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tissue catabolism) S excretion appears to precede N excretion, the N: S ratios 
being less than that for body tissue. 

With the ingestion of food the system is reversed, anabolism replacing 
catabolism, and retentions of N and S replacing losses. The effect on the N: S 
ratio is shown in Table VII. 

Table VII. The effect of a high protein diet following starvation on the daily 
X: S ratio in the urine. 

Daily N: S ratio. 

Animal Day 1 2 3 4 5 6 7 8 9 

Cow 1 3*8 64 5-3 6 1 8-2 7-3 5-7 30 4*6 

Cow 2 ■ 3-8 9-6 11-0 10 4 11*8 121 9 0 7-9 6*4... 

The first feed causes a marked decrease in excretion of urinary N with little 
change in the S output, thereby giving a N: S ratio very much lower than that 
found during starvation. This is followed by an increase in the ratio, showing that 
S is being retained in advance of N. This period, lasting about 7-8 days, is then 
followed by one in which N retention increases, with a concomitant decrease in 
the N: S ratio in the urine. It is evident that, with the ruminant, as with the 
one-stomached animal, S metabolism precedes N metabolism. 

The N and S intakes and outputs together with the N: S ratio of the material 
retained are shown in Table VIII. The results show clearly that short experiments 

Table VIII. Nitrogen and sulphur excretions . 


True intake Excreted Retained 



r 

Nitrogen 

-* 

Sulphur 

t ' -1 i 

Urinary N Urinary S 

r~ **- 

Sulphur 

N: S of 


Nitrogen 

retained 

Ration 

g* 

g* 

g* g* 

Cow 1. 

g* 

g* 

material 

lat high-N 

83*38 

8-74 

30*70 5*80 

52*68 

2*94 

17*8 

Low-N 

31*66 

4*78 

10*41 4-20 

21*14 

0*58 

364 

2nd high-N 

74*12 

8*74 

17*27 3*52 

56*85 

5*22 

10*9 

: S ratio of total N and 

S retained in all three periods. Mean 
Cow 2. 

43*56 

2 91 

150 

1st high-N 
Low-N 

84*50 

8*74 

3608 4*58 

4842 

4*16 

11-6 

35*50 

4-78 

16*86 4*60 

18*64 

0*18 

103*6 

2nd high-N 

81*65 

8*74 

25*86 540 

55*79 

3*34 

16*7 

: S ratio of total N and S retained in all three periods. Mean 

40*95 

2 * 56 ~ 

"mo 


with ruminants may lead to entirely wrong conclusions. It will be seen that 
with cow 1 the N: S ratio of the retained material in the first period of high 
protein, and in the period of the low protein ration, shows that N is retained 
over each complete period to a greater extent than S, whereas in the last period 
the position is reversed. With cow 2 the first high protein period shows a greater 
retention of S whilst the low protein ration gives an extremely high N: S ratio, 
the result of an intense retention of N. Taking the mean of all three periods, 
however, it will be noted that the retained material has a N: S ratio very close 
to that of body tissue. It is clear that, using the ruminant as the experimental 
animal, correct conclusions can only be drawn with long experiments. 

(g) Biological values . 

Much work has been done in the evaluation of proteins for the growth of the 
young, chiefly using the rat as experimental animal. So far there )ias been no 
record of any attempt to find the biological value of proteins for grbwth, weight 
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increase or tissue repair in adults . The present series of experiments affords an 
opportunity to study this problem. During the periods on low N intake and 
starvation the animals suffered severe losses of body tissue, chiefly protein. This 
is readily seen from the large N deficit at the end of the fast. During the period 
of high protein intake and in the subsequent periods the retention of N was 
high. In those periods following the fast there is, therefore, opportunity for the 
study of the nutritive value of the proteins ingested. As in all studies of the 
biological value for production, it must be remembered that the results are for 
both production and maintenance, since no method has as yet been evolved 
which can separate these two functions. 

The results for the proteins used in the present experiment, bean meal, straw 
and maize, are shown in Table IX. It will be noted that the results for the two 


Table IX. Biological values for tissue repair. 


Period 

Protein 

level 

0/ 

/O 

B.V. 

Intake 

-■ l-(F t -F m ) - ■ 

Ft F m 

t 7 t 

r. 

B.W 

l«t high-N 
Low-N 

18 

92-65 

Cow 1. 

36-34 29-65 

30-70 

12-70 

80 

7 

47-50 

31-40 

29-65 

12-40 

12-70 

10) 

2nd high-N 

18 

92-65 

43-07 

29-65 

17-28 

12-70 

94 

Gelatin 

18 

92-65 

31-69 

29-65 

36-05 

12-70 

74 

1st high-N 

18 

92-65 

Cow 2. 

3200 26-25 

36-08 

20-91 

82 

Low-N 

7 

47-50 

3253 

28-25 

16-86 

20-91 

100 

2nd high-N 

18 

92-65 

42-06 

26-25 

24-42 

20-91 

95 

Gelatin 

18 

92-65 

25-55 

26-25 

42-96 

20-91 

76 


/--intake. F t -~ total faeeal 3\\ F m — metabolic faeeal N, obtained from the period of low N 
intake before starvation. V t - total urinary N. U e - endogenous urinary N obtained from period 
before starvation. 

animals are in remarkably close agreement. The fall in value between the low 
protein period and the second high protein period is due mainly to the decrease 
in apparent digestibility, giving an increase of 10 g. in the daily faecal N. The 
fairly high biological value of the gelatin-containing diet, i.e. 75, can be under¬ 
stood when it is remembered that although the gelatin is deficient in tryptophan 
the straw protein has 15% tryptophan [Morris, 1934]. This will, in part, make 
up for the gelatin deficiency. 

The most important point, however, is the fact that an 18% protein level 
can give, for growth of tissue, a biological value of 95, very little less than the 
figure obtained with a 7 % level. Clearly this type of experiment would be of 
value in estimating the nutritive properties of any type of protein or non¬ 
protein compound for growth purposes. 

It is of interest to compare the results obtained with ruminants, in which 
beans formed the major portion of the diet, with those obtained with the one- 
stomached animals. In the latter, beans have a fairly low biological value owing 
both to low digestibility and low content of cystine. With the ruminant this 
experiment affords further evidence that cystine, if essential for ruminant 
nutrition, is only essential in minimum amounts. This fact has already been 
shown for maintenance [Morris & Wright, 1935]. 



1704 


J. C. D. HUTCHINSON AND S. MORRIS 


Summary. 

1. Experiments were performed on cows to discover the effect on N metabo¬ 
lism of re-alimentation following a prolonged fast. 

2. The faecal N excretion shows that the apparent digestibility of a protein 
varies according to the requirements of the animal and also according to the 
biological value of the protein ingested. The higher the biological value of a 
protein the lower is the digestibility. Similarly, the greater the requirement of 
the animal for protein the higher is the digestibility. 

3. The excess N excreted during those periods when the apparent digesti¬ 
bility was low was found to be lost on heating at a temperature of 180°. 

4. The urinary N shows that, immediately following prolonged starvation, 
there is poor utilization of absorbed N, owing either to increased demand for 
energy, or to impaired ability to retain absorbed N. 

5. N partition products in the urine show that during active tissue anabolism 
a marked increase in creatine output occurs, whereas no alteration takes place 
when the absorbed N is deaminated and excreted. 

6. S excretion and the N: S ratio show that in tissue anabolism S is retained 
in advance of N. 

7. Calculation of the biological value of the ingested protein showed that, 
following a prolonged fast, an 18% protein level had a value for tissue growth 
very little less than a 7 % level. 

The authors are indebted to Dr N. C. Wright and Dr H. Chick for their 
invaluable advice and criticism. 
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CCXL. SPECTROGRAPHIC STUDIES ON THE 
ANTIMONY TRICHLORIDE REACTION 
FOR VITAMIN A. 

I. THE RELATION BETWEEN TINTOMETER READINGS 
AND SPECTRAL ABSORPTION OF 
THE BLUE SOLUTION. 

By OLAV NOTEVARP and HARALD WILLIAM WEEDON. 

From the Norwegian Fisheries Research Station , Bergen, Norway. 

{Received 20 June 1036.) 

According to our present knowledge there seems no doubt that there exists an 
intimate connexion between vitamin A and the blue colour produced with a 
number of dehydrating agents, especially antimony trichloride in chloroform. 
The colour follows the vitamin even into the most potent concentrates, approach¬ 
ing 100 % purity, and no really serious discrepancies arc on record that cannot 
find a rational explanation. The reaction has gained a firm footing, both in 
science and commerce, on account of its simplicity, even though a number of 
sources of error adhere to it. Very much has been written about this reaction, but 
it appears to the present writers that several of the fundamental facts have not 
yet been fully explained. 

No really satisfactory explanation has yet been found for the relation between 
concentration and blue value, as measured in the Rosenheim-Schuster Lovibond 
Tintometer, within the range of reasonably accurate measurement, i.e. B.Y. 
about 4-12. 

For potent oils and concentrates giving a blue value of 6 for concentrations 
of about 1 g./l. and lower most authors agree that the relation is linear, within 
the usual range of measurement [Norris & Church, 1929; 1930; Smith & Hazley, 
1930]. But at least two of the graphs of Norris & Church contradict this, and a 
number of the straight lines of Smith & Hazley might equally well have been 
drawn as curves. Evers [1929], on the other hand, finds lower values the higher 
the quantity taken, especially of oils with a high vitamin content, e.g. ox liver 
fat. 

Norris & Church [1930] show curves for a number of oils; they do not find 
proportionality even over a small range, and find no mathematical relation which 
satisfies all their curves. It seems that they exaggerate the accuracy of tinto¬ 
meter readings, according to our experience. Drummond & Hilditch [1930] 
allege that the colour intensity is a linear function up to “ 10 % concentration ”; 
at higher concentrations this does not hold (“10%” corresponds to 9 09 g./l.). 
The fact that several of the straight lines of these authors do not pass through the 
origin seems difficult to explain. Coward et al. [1931] say that it is a well-known 
fact that the relation between intensity of colour and concentration of an oil is 
not linear, but is represented by a line which falls away at higher concentrations 
to a curvilinear function. Gilkm & Morton [1931] recommend some “caution 
in using the Lovibond technique as a quantitative method of assay... 

( 1706 ) 
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Notevarp & Hjorth-Hansen [1931] in a publication from this Institute state that 
the colour/concentration relation for oils follows an exponential function 

B c =b x .c™ 

where 5=the colour obtained by the concentration 1, J5=the colour obtained 
by the dilution c . 

The relation has also been mentioned in another publication [Notevarp, 1935]. 

Apart from slight discrepancies in the accurate wave-lengths concerned, it is 
agreed that the colour given by potent oils and concentrates is due to absorption 
bands at 617-620w/i and 580-585m/z, the former predominating in the relation 
of about 10:5 to 10:6. 

In less potent oils, such as ordinary cod liver oil, the bands are displaced to 
600-606 mfjL and 570-575 m/z respectively. Their relative intensities may vary 
within wide limits, either may be the strongest although the 606m/z band usually 
predominates. 

The shift of the bands is probably due to the change of solvent effected by the 
oil; that bands shift when the solvent is changed is well known [v. e.g. Scheibe, 
1925]. The other changes in the bands will be treated in another publication 
which we hope will be forthcoming shortly. 

In this publication arc given the wave-lengths found by means of an empirical 
scale on the instrument at our disposal, 572 nifi and 603 w/z for oils, 580 m/x and 
618m/z for concentrates. We do not consider the exact situation of the bands to 
be of major importance. 

The qualities of the reagent, such as concentration, temperature, contents of 
moisture and impurities, age etc. are factors which influence the result. It has 
been shown by several authors that the intensity of blue increases with the 
concentration of antimony trichloride [Wokes & Willimott, 1927, 1,2; Norris & 
Church, 1930; Brode & Magill, 1931, and others]. This has been confirmed in 
detail at the Fisheries Research Station; it is hoped that it will be possible to 
publish these results later, and it should only be mentioned here that the colour/ 
concentration curve appears to approach asymptotically to a maximum value. 
This cannot actually be reached, but this means that small variations in reagent 
concentration are insignificant when the solution is nearly saturated. For 
practical application, however, 220 g./l. is now universally accepted as the stan¬ 
dard concentration, so this question need not be discussed here. The same applies 
to temperature, 18° being now universally employed. Water and alcohol, im¬ 
purities both likely to occur, lower the results; they should be entirely removed 
from the chloroform and kept away from the reagent. Light alters the reagent 
in the course of time, probably by the formation of decomposition products of the 
solvent. This indicates the necessity for avoiding unnecessary exposure of the 
chloroform to light and air during purification, otherwise the result may be a 
reagent which does not give the maximum values from the outset. 

Experimental. 

All reactions with antimony trichloride reagent have been carried out at 
18° ± 0-5°; reagent concentration 220-225 g./l. throughout. Every care has been 
taken in preparing the reagent; the chloroform has been washed, dried with 
freshly heated potassium carbonate and distilled over a small amount of calcium 
hydride. For the last batch the distillation was carried out in a partial vacuum, 
at about 30°, as difficulties were encountered in getting the reagent to give maxi¬ 
mum values. A whole sample of trichloride was taken for each lot of reagent, and 
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poured straight from the newly-opened bottle into the chloroform. After 
dissolving by warming to about 25°, the concentration was determined, chloro¬ 
form added if necessary, and the reagent transferred to the stock bottle by 
sucking it over into the evacuated bottle through a U-bent glass tube with a 
stopcock. In this way contact with moist air was reduced to a minimum, and 
sediments in the solution were left in the first flask. 


The reagent was measured out by means of a very simple burette designed 
first by the late R. Engstrom, the design being improved by one of the authors 
(H. W. W.) to that shown in Fig. 1. The burette 
is filled either by compressing the air in the bot tle 
or by suction through the top. Ordinary corks 
have been used, they are fitted in the empty 
apparatus after softening with steam and dried 
in place. The burette is calibrated by comparing 
the weight of reagent measured out with the weight 
of the contents of an ordinary pipette. This is 
necessary because the tip below the cock, which 
should be as small as possible, retains an amount 
which differs for fluids of varying viscosity and 
capillarity. 

The oil solution was run into the cell from a 
1 ml. pipette graduated to 0 01 ml. and the reagent 
added. Immediately afterwards the mixture was 
stirred by a current of dry air blown in through a 
thin glass tube with a capillary opening. This gives 
a very satisfactory stirring. The amount of chloro¬ 
form vapour carried off reduces the volume less than 
0-2 %. Nitrogen w r asfirst employed, but it was found 
later that the oxygen in the air does not affect the Fig. 1. 

reaction to any noticeable extent. Apparently the 

reaction is much less sensitive to disturbances after the reagent has been added. 

Oils and concentrates were diluted for the antimony tricliloride reaction with 
the same chloroform as that used for making the reagent, after this had been 
evacuated to remove dissolved air and saturated with C0 2 . The solutions w r ere 
examined within a few hours of preparation, most of them within an hour. 

A tintometer of the British Drug Houses’ design has been used for the 
determination of blue values. 



Spectrographic measurements have been carried out on a Zeiss “Spektrograf 
fur Chemiker ” by the rotating sector method, with photographic recording. For 
the yellow and orange bands several panchromatic materials have been found 
satisfactory. The best material we have found are “Agfa Rot Hart” plates. 
Where possible 5 sec, have been used as standard time of exposure, varying the 
aperture so that the product of this and the sector opening is constant. 

All the oils examined have been of wholly known origin, either produced by 
the Fisheries Research Station or received from the producer direct. What is said 
applies therefore only to pure cod liver oil, which has undergone no refining or 
other process which might alter its chemical or physical properties. The con¬ 
centrates have been prepared with every possible care in the accepted way. 

Expression of results. All concentrations are expressed in accordance with the 
Paris Convention for the Expression of Analysis of Foodstuffs. 

Concentrations in connexion with the antimony trichloride reaction are 
expressed as g./I. or mg./l, chromogenic substance in the reaction mixture. The 
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small variation in SbCl 8 -concentration resulting from using varying amounts of 
chromogen solution (0*05 to 0*5 ml.) does not appreciably influence the results. 
Concentrations of concentrate solutions are expressed as the corresponding 
concentrations of the oil, to make comparison possible. 

Intensity of spectral absorption is expressed by the extinction coefficient E 
for a 10 g./l. solution, as defined by Bunsen & Roscoe, see International Critical 
Tables. This, by the way, does not contain the unnecessary reference to a 1 cm. 
cell so frequently met in publications on spectrography. 

Results. 

Change in absorption with time . 

The blue colour changes with the time after the reaction is started; the absorp¬ 
tion maximum changes and the shape of the absorption curve is altered. To be 
certain of observing the maximum of absorption, and also to study the shape of 
the curve, a number of observations were carried out at intervals after mixing 
on almost every blue solution measured. 

The equipment allows the first exposure to begin 5-7 sec. after the reagent 
has been added. For concentrates it appears that the maximum is reached at or 
before this time; exposures from 20 to 25 sec. already show an appreciable fading. 
The 618 nifi band is always the strongest except in the case of partially destroyed 
concentrates. Both bands rise and fall simultaneously. 

The alteration with time of the absorption curve for oils varies. Normal oils, 
with the 603 mfi band predominating, give the 572 m/x band maximum, masked by 
the rising 603ra/x band; almost immediately this band then fades. The 603m/x 
band reaches its maximum after about 30 sec., remains nearly constant for about 
25 sec. and then fades slowly (Fig. 2). In the tintometer this will be seen by the 



colour being at first of a purple hue, turning gradually more greenish. As the 
complementary colour of 572 m/x is a colour at the beginning of the purple line, 
whereas the complementary of 603m/x is at 495 m/x, an aquamarine colour, this is 
easily explained. 

The opposite is the case with oils with the greatest absorption at 572m/x. 
Here the 603 m/x band reaches its maximum in 10 sec. or less and fades very 
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quickly, whilst the 572 mp band develops its maximum in the course of 60-90 sec. 
and remains stable for a comparatively long time. In the tintometer this 
is seen as a very transient aquamarine colour, changing to a more and more 
purplish blue. In the case of very high oil concentrations the intensity of the 
603mp, band is greatly reduced, and the development of the 572 band is delayed: 
it also becomes narrower, the maximum, however, being the same. The concentra¬ 
tions in question are far above (2-3 times) those in practical use. 

The curves of Fig. 2 have been drawn so that the marking decreases with 
time, to attempt to give a stereoscopic effect. Intermediate values have been 
omitted for clarity; they do not contribute anything particularly noteworthy. 

The antimony trichloride reaction and Beer's law . 

The results published by Brode & Magill [1931] indicate that the absorption 
is proportional to the oil concentration. On the other hand, a number of authors 
allege that the oil inhibits the reaction in higher concentrations. We have there¬ 
fore measured a number of oils, especially weak oils in high concentrations, to 
find out whether such inhibition takes place. We have also measured more normal 
oils and concentrates, although if the weak oils follow Beer’s law there is little 
reason why stronger oils or concentrates should not. 

Some of our results are put together in Table I, and shown graphically in 
Fig. 3. The normal concentration, 0 04 g. in 2*20 ml. = 18-18 g./l., is drawn in as 
a vertical line. 



Fig, 3. B and concentration, o—o 618 mp; 603 mp; x — x 672 m/u 

It will be seen that the absorption maximum is a linear function of the 
concentration in all cases, falling off only when the volume of oil solution effects 
a considerable dilution of the reagent. There is nothing to indicate that the oil 
has any disturbing influence in the,reaction, or rather, any disturbance is pro¬ 
portional to the amount of oil taken; the blue solution follows Beer's law. 

The relation between tintometer readings and spectral absorption . 

Blue values over the range of the tintometer and the corresponding maximum 
densities have been determined for a number of oils and concentrates (Table II). 

Biochem. 1836 xxx 110 
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Table I 



Maximum 

Concentration 

Layer 

ml. oil 


Oil no. 

at tnfi 

g./l. 

cm. 

solution 

H max 

2 a 

572 

21*8 

1 

01 

0*76 



41-5 

1 

0-2 

1*45 



76-3 

0-5 

0*4 

2*56 

4c 

572 

170 

1 

0*2 

0*76 



31-2 

1 

0*4 

1*41 

4a 

572 

17-0 

1 

0*2 

0-80 



31*2 

1 

0*4 

1*44 



431 

0*5 

0-6 

1*94 



53*5 

0*5 

0*8 

2*20 

46 

572 

170 

1 

0*2 

0*90 



31-2 

1 

0-4 

1*56 



53-5 

0-5 

0*8 

2*73 



62-4 

0-5 

1*0 

3*06 

26 

603 

17-5 

0*5 

01 

1*20 



33-4 

0-5 

0*2 

2*38 

7 

603 

8-90 

1 

01 

1-62 



18-8 

0-5 

0-2 

3*30 

26 

618 

8-94 

1 

0*1 

0*73 

cone. 


31-4 

0-5 

0-4 

2*52 


Table II. 


Max. 527 mu 


Max. 603m/x 


Max. 618»t/i 

,-*■ 

\ 


,- 

■S 


r ~ 

■> 

E 572mp 

B.V. 


E 603 mfi 

B.V. 


E 618 nifi 

B.V. 

0*44 

3*5 

16 

0*77 

4*4 

1 

0*54 

6*0 

0*84 

5*5 


1-47 

8-3 


0*55 

6*5 

0*84 

60 

lc 

0-77 

4*7 


1*04 

10*0 

1*53 

8*0 


1-47 

8*5 


1*04 

10*5 

0*55 

3-3 

2 

0*61 

4*0 


2*08 

16*0 

0*81 

5*5 


102 

5*0 

2 

0*70 

7*6 

0*89 

5*5 


1*08 

6*2 


0*73 

7*4 

0*76 

5*0 


1*20 

7*0 


0*76 

7*6 




1-21 

7*1 


1*07 

9*6 




2*33 

10*5 


1*29 

10*7 



3 

1*06 

5*5 

3 

2*20 

12*0 




1*24 

6*8 


2-30 

12*5 




3-28 

73 

4 

0*37 

4*3 




1*50 

7*6 


0*71 

7*6 




1-51 

7*4 


1*36 

12*0 




1-61 

7*2 

7 

M2 

8*0 



4 

0*85 

4*8 


2*15 

12*0 




1-01 

5*2 


2*23 

14*0 




1*28 

6*1 

8 

0*59 

5*0 




1*43 

8*0 


0*88 

9*5 



5a 

1*34 

73 


1*15 

8*5 




1*48 

7*9 


1-15 

10*0 



5c 

1*80 

9*5 

10 

1*15 

8*6 




1*82 

8*5 


1*64 

12*0 



7' 

1-60 

7*2 

11 

0*86 

6*5 




3*20 

12*5 

12 

0*53 

5*0 



8 

0*84 

8*0 


0*80 

9*0 



10 

3-00 

no 


1*00 

9*0 



13 

0*37 

2*4 

14 

0*35 

3*3 




0*73 

41 


0-36 

3*3 




0*72 

4*3 


0*51 

4*6 




1*05 

6*0 


0*70 

5*6 




1*43 

7*3 


0*72 

5*8 




1-37 

7*4 


0-67 

5*9 




1*46 

7*6 


0*96 

7*4 




2*10 

9*6 


1-02 

8*1 




2*86 

11*3 


1*40 

9*7 




2*73 

11*7 


l-33w‘ 

10*4 







2*04 

13*4 
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As might be expected they do not show a linear relationship, either for oils 
or for concentrates; this appears clearly from Fig. 4. In Fig. 5 the values are 
plotted in a bi-logarithmic coordinate system. Here they will be seen to group 
around nearly parallel straight lines, one for each predominating absorption 
band. Straight lines in such coordinate systems are exponential functions. The 
line formed by the values for solutions with the maximum at 618 has a slope 
corresponding to an exponent of about 0-8, those for 603 m/x of about 0*7. The 
lie of the lines give the two functions: 

B.V. = 5’5.J0 0 * 7 for oils, max. 603mp,. 

B.V. = 8*5.£ 0 * 8 for concentrates, max. 618 mp. 

Solutions with maximum at give intermediate values, but the number 

of determinations does not allow any definite function to be derived. The functions 
above are to be regarded as average values, and do not claim great accuracy. 



Fig. 6. B.V. and concentration. Cod liver oil. 



Fig. 7. B.V. and concentration. Halibut liver oil. 


This is mainly because tintometer readings, even when carried out with the 
greatest care by experienced workers, are not very reliable. Variations In lighting 
compensation and also individual differences, or even difference! in the same 
observer from day to day, all go to making the readings uncertain. It might be 
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mentioned that the observers in question have had from three to five years* 
experience with the tintometer. 

As the density is proportional to the concentration, the dilution curves for 
single oils or concentrates would naturally be expected to conform with ex¬ 
ponential curves with the same exponents. In Figs. 6 and 7 values for various 
concentrations and thicknesses of layer for a medicinal cod liver oil and a strong 
halibut liver oil are drawn together with the corresponding exponential curves; 
the observed values will be seen to conform satisfactorily with these curves. 

Blue value and thickness of layer . 

As the blue solution follows Beer’s law, it follows from the fact that the blue 
readings are not proportional to concentration and consequently not to density, 
that the blue reading cannot be proportional to the thickness of layer, but must 
follow a relation similar to that between blue reading and concentration or 
density. We have measured one ordinary and one potent oil in 0*5, 1 and 2 cm. 
cells; the measurements were made by three experienced observers. The resulting 
average readings are given in Table III. Graphically, in an ordinary coordinate 

Table III. 



Cod liver oil 

A. 



Halibut liver oil 


Layer 



Layer 


V 

cm. 

Concentration 

B.V. 

cm. 

Concentration 

B.V. 

0-5 

6*55 

2-4 

0-5 

0 0418 

3*3 


12*8 

4-3 


0-0613 

4-6 


18-75 

6-0 


0-080 

5-9 


24-4 

7-4 


0-115 

7-4 

1 

6-55 

4-1 

1 

0-0214 

33 


12-8 

7-3 


0 0418 

5-6 


18-75 

9-6 


0-613 

8-1 


244 

11-7 


0-080 

10-4 

20 

6-55 

7-6 


0-115 

13-9 


12-8 

11-3 

2-0 

0-0214 

5-8 





0*0418 

9-7 





0-0613 

13*4 


system (Figs. 8 and 9) it appears clearly that the readings are not proportional. 
Curves for exponential functions with the exponent 0*8 for the potent oil, 0*7 
for the normal oil, have been drawn in, the values will be seen to agree well with 
these curves. In a bi-logarithmic system they will be seen (Figs. 10 and 11) to 
lie approximately on straight lines, with slopes corresponding to the exponents 
mentioned. 

In Fig. 10 the lowest values do not agree well with the curve drawn which 
corresponds to the exponent 0*7. In fact it appears that very low values do not 
agree well with the exponential function, probably because the density becomes 
more influenced by the neutral caused by surface reflection, and less by the 
colour. This, however, is of little practical interest. Such low readings should be 
avoided anyhow as they are uncertain. 

Why is the colour/concentration relation not linear? 

The fact that the blue solution follows Beer’s law, even in oil concentrations 
approaching three times those usually employed, and that the colour is not 
proportional to the layer of identical solutions, makes it obvious that the non¬ 
linear relation cannot be attributed to any “inhibitory” effect of the oil. The 
explanation must be purely physioal, and must lie in the nature of the colours 
that are matohed so as to appear alike to the eye. 
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For two colours to appear alike to the eye, it is necessary that two factors are 
more or less identical. First the colour quality must be the same. (Any given 
colour quality may be produced in innumerable ways by mixing three colours, 
provided that none of these can be produced by mixing the two others. Thus the 
tintometer can theoretically produce all known colour qualities.) If the colour 
quality is the same, to appear alike the two colours must transmit equal per¬ 
centages of the incident light, reduced wave-length by wave-length to the 
sensitivity of the human eye. Such measurements of transmission may be made 
by computation, as has been done for the tintometer glasses by Gibson & Harris 
[1922], or more conveniently by means of a special photo-electric cell which has 
the same sensitivity curve as the eye. We have made photo-electric measurements 
of the transmission of the glasses of one of our tintometers, and for oil blue and 
concentrate blue solutions. The results should give straight lines in a linear/ 
logarithmic coordinate system, and from Fig. 12 will be seen that they practically 



Tintometer value 


Fig. 12. Tintometer value and transmission. 

do so. The points on the glass lines have been omitted as they lie practically on the 
line. It will be seen that the oil blue is only slightly more transparent than the 
glasses, bearing out the fact that ordinary oil blues need only yellow and little 
or no neutral for compensation. The yellow glasses practically only change the 
colour quality; they reduce the brightness very little. 

Concentrate blues are much more transparent than the corresponding glass 
combination, so they need substantial reduction in brightness by neutral glasses. 

The great physical difference of the colours is shown in a striking manner if 
the complete absorption curves of the 10 blue glass and oil and concentrate blue 
solutions which would need 10 blue to match are drawn together. In Fig. 13 the 
broken lines are the unreduced curves, the whole lines are the curves after they 
have been reduced to the sensitivity curve of the eye. The glass curve, measured 
on one of our tintometers, corresponds closely with that of Gibson & Harris 
[1922]. 

Discussion. 

As has been shown, the reason why the blue readings of antimony trichloride 
blue solutions are not proportional to concentration is purely physical (for a 
relation of a similar nature see Ferguson [1935]). It should therefore be possible 
to find the exact relation between density and blue reading through exact 
mathematical calculation, based on the laws of physics and physiological optics. 
This we shall not attempt here. For practical purposes the relations established 
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earlier in this paper agree with experiment well within the limits of error of the 
methods, and the nature of the laws of light absorption makes it probable that 
the exact relation would have a similar form. 



Fig. 13. Absorption curves for oil, concentrate and glass of tintometer value 10 blue. 
-Measured curves; - Reduced curves. 


The fact that the dilution curve follows an exponential function, together with 
the fact that variations in the amount of chromogen solution from 0*05 to 0*4 ml. 
do not affect the result means a considerable simplification of the determination 
of the blue value. 

It is easy to understand why it has been necessary to measure the blue value 
at or near a given value, usually 6 blue. The “blue value” of a chromogenic 
substance must in reality be based on the concentration necessary to give an 
agreed reading (6) in the tintometer. This divided into the standard concentration, 
18*18 g./l., and multiplied by the standard reading, 6, gives the blue value. Now, 
what has been said makes it possible to determine this concentration without 
diluting backwards and forwards to obtain a solution which gives 6 blue with 
0*2 ml. 4*2 ml. reagent. Any reading, at least between 4-5 and 10-12 blue, 
obtained with any amount between 0 06 and 0*4 ml. chromogen solution may be 
used for finding the “6-concentration”. 

If the concentration C gives a blue value B, the concentration c 6 which will 
give a blue reading 6 can be found by the equation 


or 0*8 for concentrates. 



¥ 


This means that it will be possible to get readings on solutions from leas than 
half as strong to six or eight times stronger than that which would'give 6 blue 
with 0*2 ml. 
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The equation is, of course, easily worked out on a slide-rule, but if several are 
to be worked out a graph like Fig. 14 will be a great help. Here the reading 6 
corresponds to a relative concentration k. A reading B will be found to correspond 
to a relative concentration C B the value of which may be read from the graph, 

and the concentration which will give 6 is ^ of the concentration which gave B. 

The graph is even easier to construct on hi-logarithmic paper (for instance 
Schleicher & Schull, Duren, paper no. 365£) where exponential curves, as has been 
said before, are straight lines. 



The relation between density and tintometer reading tlirows light on the 
relation between the blue value and the concentration of the substance, very 
probably vitamin A, which gives rise to the 018 and 003m/x bands. If the ex¬ 
tinction coefficient of the chromogen itself is unaltered when the band shifts, 
then it will be apparent from Figs. 4, 5 and 13 that a 603w?/x blue solution will 
contain nearly twice as much chromogen as a 618 w/x blue solution giving the 
same reading. Or, on the other hand, a solution with a given maximum density 
at 603m/x will give a much lower reading in the tintometer than a solution with 
the same density at 618w/x. 

Here again purely physical phenomena throw light on a question concerning 
the antimony trichloride reaction which has not so far found a satisfactory 
explanation, the relation between the blue value of oils and their concentrates. If 
the extinction coefficient, calculated for the oil, is unchanged by the preparation 
of the concentrate, then a blue value perhaps nearly twice that of the oil should 
be expected. Actually still higher values are found fv. e.g. Morgan & Pritchard, 
1936]; this is because the extinction coefficient increases if no chroniogen is 
lost, as the fatty matter inhibits the reaction. This side of the question will be 
dealt with in a paper which we hope will appear shortly. 

Summary. 

Complete absorption spectra of the blue colours concerned in the antimony 
trichloride reaction have been taken. 

The blue solutions, both of oils and concentrates, follow Beer’s law, far beyond 
the concentrations encountered in practice. Only when amounts of oil solution 
above 0*5 ml. are used is a slight falling off observed, which is due to dilution of 
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the reagent and not to chemical inhibition by the oil. The amount of oil solution 
may safely be varied from 0-05 to 0*4 ml. 

The well-known fact that the blue readings are not proportional to concentra¬ 
tion is confirmed spectrographically. As the solutions follow Beer’s law, the lack 
of proportionality is a purely physical phenomenon. 

The following relations are found between E and blue reading: 

B.V.^5-5.-# 0 * 7 for max. 603 m/4. 

B.V. — 8-5..® 0 * 8 for max. 618m/4. 

Between a blue reading B obtained by a concentration C and a reading b 
obtained by a reading c there exists the relation 

( c \ 0 * 7 

q J (0-8 for concentrates). 

The blue value, as read in the tintometer, of a solution with a given absorption 
maximum is 40-60% higher when the band lies at 618 m/4 than when it lies at 
603m/4. Even if the reaction were not inhibited by the oil, a concentrate Rhould 
therefore always give a blue value nearly twice that of the corresponding oil if 
they are measured at the same reading. 

The authors wish to express their sincerest thanks to L. Aure and H. Hamre 
for much valuable help. Also to Dr 0. Devik of the Christian Michelsen Institute, 
Bergen, for helpful advice, and to Prof. Helland-Hansen, of the Geophysical 
Institute, Bergen, for placing spectrograph and laboratories at their disposal. 
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Many workers have found that young guinea-pigs lose weight and die when fed 
on a diet containing all substances known to be necessary for growth except 
vitamin 0. Other young guinea-pigs fed on the same diet supplemented with 
vitamin C were found to live and increase in weight. This fact was made the basis 
for a comparison of the vitamin C content of different samples of apples by 
Bracewell el al. [1930], Different groups of guinea-pigs were given graded doses 
of any one sample of apples for periods up to ninety days. The increase in weight 
and the intensity of the macroscopic lesions indicative of scurvy were used for 
the assessment of the vitamin C potency of the different doses. The daily doses of 
apple given to the different groups of animals were generally 3, 5, 10 and 20 g. 
respectively. The less potent samples gave evidence of their inferiority within 
four weeks of the beginning of the test. The more potent ones required often as 
much as eighty or ninety days to produce a difference in response to the different 
doses. Post mortem examination of the guinea-pigs, either after their natural 
death during the experimental period, or after they were killed at the end of the 
experimental period, revealed macroscopic lesions of an intensity which corre¬ 
sponded closely with their decrease or increase in body weight. 

Harris & Rav [1932] compared graded doses of fresh ox suprarenal cortex 
with similarly graded doses of orange juice with respect to their influence both 
on the structure of the teeth and on the growth of guinea-pigs fed on a scorbutic 
diet. The respective doses of the two substances (0-25, 0-5, 1*0 and 2-0 g. supra¬ 
renal cortex and 0*75, 1*5, 3*0 and 6*0 ml. orange juice) gave practically equal 
average increases in weight of the groups of animals used and a very smooth 
curve of response was obtained relating increase in weight of the guinea-pigs to 
the dose of material given. The curve was very nearly logarithmic in shajs? for 
the negative increases in weight, but flattened somewhat for the positive increases. 
The ratio of the vitamin C potencies of the two substances obtained by this 
method confirmed the ratio obtained by the “tooth” method. 

Thus it appeared that the increase in weight of young guinea-pigs w T as graded 
to the dose of vitamin C given, and it seemed to us that a method of estimation 
of vitamin C based on this property w r ould have distinct advantages over the 
“ tooth ” method, provided that it could be carried out within a reasonable length 
of time, and provided also that it was found to give as great a degree of accuracy 
as the “tooth” method. It would have the obvious advantage of requiring no 
histological examination of the teeth with the attendant error involved in the 
assessment of structural changes, but, on the other hand, it would always be 
open to the well-known objections to which all tests based on increases in body 
weight are subject. 

In our attempt to work out such a method we obtained a curve of response 
to graded doses of vitamin C (ascorbic acid, the International Standard of 

( 1719 ) 
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reference) but the curve, baaed on average responses of 12 animals in each group, 
was nearly smooth only after six weeks of feeding. Moreover, the degree of 
accuracy obtainable in the test, as calculated from the somewhat limited data 
available, was very similar to or slightly less than that obtainable by the “ tooth ” 
method as already worked out in this laboratory. Since our object was to find 
a simpler and possibly more accurate method than our present one, we did not 
carry on the experiment for the length of time, 80-90 days, recommended by 
Zilva. Hence we have no information as to the accuracy of the method as 
actually used by him. We have, however, concluded that the only advantage of a 
six weeks’ growth test (increase in weight) lies in the avoidance of the histological 
examination of the teeth, whereas its disadvantages are (a) the greater length of 
time required, (6) the possibly lower accuracy and (c) the very great one of its not 
being specific for vitamin C. 

If, on the other hand, greater weight is attached to the macroscopic symptoms 
of scurvy found in autopsies, then the assessment of results is as liable to sub¬ 
jective errors as the assessment in the “ tooth ” method. In our own experiment 
we drew up a scheme for assessing the macroscopic symptoms of scurvy found at 
autopsy and we obtained a curve of response relating the severity of scorbutic 
symptoms to dose of vitamin C given, which was very similar to the curve found 
for the increase in weight of the guinea-pigs. 

Method. 

The guinea-pigs were about 250 g. in weight at the beginning of the experi¬ 
ment. They were not bred in this laboratory, but were obtained from a reliable 
dealer. They were given large quantities of green food for three days before the 
experiment began. They were then given a scorbutic diet for the whole of the 
experiment. The diet consisted of: 

Bran 45 % 

Crushed oats . 25 % 

Dried skimmed milk . 30 % 

A fresh portion of this food was given each day. In addition each guinea-pig 
was given about 1 ml. of a good sample of cod liver oil twice a week directly 
into its mouth by pipette, to supply vitamins A and D. Fresh tap water was also 
given daily. The guinea-pigs were bedded on sawdust, three in each cage (dimen¬ 
sions about 12 in. x 18 in. x 8 in.). They were weighed twice a week. 

Different doses of ascorbic acid were given to different groups of animals, each 
animal of any one group being given the same daily dose for six weeks. At the 
same time a certain fruit juice was tested also in order to see whether the 
response to different doses of fruit juice was graded to the dose in the same way 
(or to the same extent) as the response to different doses of ascorbic acid. 

The doses given to the different groups were: 

Group 1 No dose 

2 0*125 mg. ascorbic acid 

3 0*25 mg. „ 

4 0*5 mg. „ 

5 1*0 mg. 

6 2*0 mg. 

7 0*25 ml. fruit juice 

8 0*5 ml, „ 

9 1-0 ml. „ 
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The ascorbic acid was given as a solution in glass-distilled water. Fresh 
solutions were made each day and given to the animals immediately. They were 
of such concentrations that the required dose was contained in 0-5 or 1*0 ml. 
water. Each dose was given directly into the back of the guinea-pig’s mouth by 
pipette. The doses were given to different guinea-pigs by four workers at onee in 
order to minimize the time between making the solution and giving it to the 
guinea-pigs. Dosing was always finished within fifteen minutes of the making 
of the solutions. The two lower doses of fruit juice were diluted with an equal 
volume of water and given immediately. In the first part of the experiment only 
the two lower doses were tested. Each group of guinea-pigs consisted of six 
animals, but after about three weeks it was evident that the doses of fruit juice 
were rather low, so twenty-four more guinea-pigs were obtained. Four of these 
were added to each group receiving the three lowest doses of the Standard, six 
were added to the group receiving 0-5 ml. fruit juice and six constituted a new 
group and were given 1-0 ml. fruit juice. It was necessary to divide the fresh 
batch of guinea-pigs thus, in order to have controls on the Standard if there 
should prove to be a variation in the whole stock. Actually no such variation was 
detectable at the end of the experiment, and all the animals were therefore 
treated as one experiment. 

Result. 

It had been hoped that a period of four weeks' feeding would be sufficient to 
bring about a graded response to graded doses of vitamin C, i.e. to produce a 
reasonably smooth curve of response. When the first six animals in each group 
had been on experiment for four weeks, however, it was evident that the curve 
of response obtained by plotting the average increases in weight against the dose 
of ascorbic acid given was not at all a smooth one. It was therefore decided to 
make the experimental i>eriod six weeks, in the hope of obtaining a smoother 
curve, but not longer than this, for six weeks was considered the longest period 
that could be usefully employed in this test, since the method involving the histo¬ 
logical examination of the teeth can be completed within four weeks. 

The curve of response relating average increase in weight in six weeks 
to dose of vitamin C (Fig. 1). 

The average weights of the groups of animals at weekly intervals during the 
experiment are given in Table I. The average increases in weight, collected in the 
last column, were calculated from those guinea-pigs only which survived the six 
weeks’ experimental period. The increases in weight from the different doses of 


Table I. 



No. of 

Daily dose of 

Average weight of group of animals at end of week 

______ A ... _ . . _ . 

6 l 2 3 4 5 C 

Average increase 
in weight of those 
guinea-pigs (only) 
which survived 

Group animals 

supplement given 

2 * 

g* 

g* 

g* 

g- g* g* 

six weeks 

1 

5 

No dose 

242*8 

222*2 

228*7 

182*3 

155*5 145*0 — 

... 

2 

10 

0*125 mg. ascorbic add 

245*3 

239*2 

(2 died) 
254*3 

248*0 

(2 died) (1 died) 

219*1 150*7 143*4 

-37 3 

3 

10 

0*25 „ 

243*6 

241*4 

263*8 

277*6 

(2 died) (1 died) (1 died) 
289*3 291*2 270*6 

+33*0 

4 

10 

0*5 „ 

242*1 

2390 

256*9 

263*0 

289*6 306*2 304*9 

+62*8 

5 

0 

10 * 

250*7 

255*2 

262*2 

276*8 

292*2 312*3 321*8 

4*71*2 

6 

6 

20 

239*8 

239*0 

263*5 

267*5 

291*0 303*5 324*0 

4-84*2 

7 

6 

0*25 ml fruit juice 

244*2 

239*3 

247*5 

261*3 

220*5 175*5 163*3 

-77*7 

A 

12 

0*5 „ 

246*4 

246*2 

2550 

255*1 

(3 died) 

234*2 223*0 218*6 

-25*5 

9 

0 

10 

244*3 

245*2 

253*5 

208*7 

274*5 271*5 288*0 

+43*2 
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ascorbic acid were plotted against the doses given, and a curve drawn, by inspec¬ 
tion, to connect the points (Fig. 1 A). It was apparently not logarithmic, but 
nevertheless a curve was drawn, plotting the mean increases in weight against 



Fig. 1. The mean increases in weight of groups of guinea-pigs given graded doses of ascorbic acid 
daily for 6 weeks plotted against 

(A) the dose of ascorbic acid ( x) (equation ;/= 74-3 +108*2 log (log 10ar)); 

(B) the log of the dose of ascorbic acid (log x) (equation y— 74*3 +108*2 log (x +1)); 

(C) the log of the log of 10 times the dose of ascorbic acid log (log 10#) (equation 

y=74*3+ 108*2*)); 

to show how the. equation of the curve of response was obtained. 

the logs of the doses of ascorbic acid. This curve (Fig. 1 B) appeared to be more 
nearly logarithmic in shape, therefore a fresh curve was drawn relating the 
mean increase in weight to the log (log dose 4-1) (unity was added to get rid of 
the minus sign of the log of the dose). This proved to be a straight line (Fig. 1C) 
whose equation was 74*3 4-108-2 x where y=the mean increase in weight of 
the animals and a?= log (log dose4-1). Hence the equation relating increase in 
weight to dose of ascorbic acid given is y=*74*3 4* 108*2 log (log 10a?) where 
y=the increase in weight and x ** dose of vitamin C in mg. 

Confirmation of the curve of response. 

The results obtained by the three doses of fruit juice confirm the shape of the 
curve of response obtained from the graded doses of ascorbic a&d. Since the 
fruit juice was tested simultaneously with the doses of ascorbic acid which formed 
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the curve of response, the results from the fruit juice may be compared directly 
with these results from the ascorbic acid. 


Daily dose 
of fruit 

Mean increase in 

Table II. 

Abscissa 
of curve 

Apparent potency 
of the fruit juice 

No. of 
animals 

juice 

wt. of guinea- 

corresponding to 

(mg. ascorbic 

used in 

(ml.) 

P»gs (g-) 

increase in wt. 

acid per ml.) 

the test 

0-25 

-77-7 

0-11 

0-44 

6 

0-5 

-25 5 

013 

0-26 

12 

1-0 

+ 43-2 

0-33 

033 

6 


The result of — 77*7 g. increase in weight can only be used if the curve is extra¬ 
polated ; it is subject to inaccuracy. If this result is omitted, then the weighted 
mean of the apparent potencies of the juice obtained from the two higher 


doses, 


12x0-26 + 6x0-33 

T2 + 0 


=0*28, may be taken as the vitamin C potency of the juice 


(mg. ascorbic acid per ml. juice). If, however, the result from the lowest dose is 
included, the result becomes 032 mg. ascorbic acid per ml. of juice and the 
potency of the juice may be stated to be, in whole numbers from either figure, 
6 1 .it. of vitamin C per ml. 

Thus the curve of response may be used in future for comparing one dose of 
the Standard for vitamin C with one dose of the substance under examination in 


exactly the same way as a curve of response for vitamin A is used. 


The accuracy dttainabk by this method 

The standard deviation of the increase in weight in six weeks of guinea-pigs 
given doses of vitamin C has been calculated from eight of the groups of animals 
used in this experiment. As the group given no dose died before the six weeks 
had ended, it could not lx* used for the calculation. The method we used was the 
one used by Coward (19321 in calculating the standard deviation of the results of 
vitamin A estimations. For the vitamin C tests, the standard deviation of a single 
determination a was found to be 32*1. Therefore the probable error (1:1 chance) 
of the average increase in weight when ten animals arc used on one dose is 6-76. 
The probable error of an est imation depends partly on the probable error of the 
average increase in weight and partly on the steepness of the curve of response 
relating increase in weight to dose of vitamin given. The probable error of the 
increase in weight in this test is high, which would make the probable error of an 
estimation high, but the curve of response is steep, which would make the prob¬ 
able error of the estimation low. Since the probable error of the mean response 
of a group of ten guinea-pigs is 0*76, the probable error of the difference between 
the responses of two groups of guinea-pigs is 6*75 x\/2 = 9*56. The probable error 
of an estimation is then determined by finding the abscissae of the curve of 
response corresponding to y~ ±9*56 about the value (mg. ascorbic acid) found 
by the experiment. For example, suppose a dose of fruit juice had been found to 
give a response of, say, 50 g. which was approximately equal to that given by a 
particular dose of the standard. The calculation of the probable error of the 
result, expressed as a percentage of the value found, is summarized in Table III A. 

This is greater than the probable error of an estimation carried out by the 
“tooth ” method when the result is obtained about the middle part of the curve 
of response. 

Since, however, the curve of response in the growth test is not a simple logarith¬ 
mic one the probable errors will be different for results obtained at different 
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Table III. 


Mean increase in 
weight (g.) 

Abscissa corre¬ 
sponding to the 
increase in weight 

% values 

Probable error 
of result 

% 

50 

A. 

0*394 

100 


50 4* 9*56 — 59*56 

0*538 

136 

+36 

50 - 9*56 =40*44 

0*306 

77 

-23 

0 

B. 

0*161 

100 


0+9*56 

0*179 

111 

+ 11 

0-9*56 

0*147 

91 

-9 


parts of the curve. Suppose that the dose of fruit juice and the dose of Standard 
had each been sufficient just to maintain weight in the animals for the six weeks 
of the test, i.e. the mean increase in weight of the two groups of guinea-pigs had 
been approximately nil. The probable error of this result is given in Tablo IIIB. 

The error of a test in which comparison is made with doses which just about 
produce maintenance in weight of the animals used is therefore relatively low. 

Thus this test is more accurate when doses are chosen which just maintain 
weight in the guinea-pigs than when doses are chosen which bring about a large 
increase in weight. The dose which will bring about a mean increase in weight of 
50 g. is only double the dose which will bring about a mean increase in weight 
of 10 g. (see Fig. 1 A). Thus there is a very narrow range of effective doses for a 
vitamin C test. One could not expect often to find that one had chosen the dose 
that merely produced maintenance of weight, i.e. the one that gave the most 
accurate result. Hence it is perhaps fairest to state the accuracy of a result 
obtained by this method as a probable error of +11 to + 36 or — 9 to — 23 %. or 
an average of -f 23 and —16 % which is very similar to the error at the middle 
part of the curve in the “tooth” method. 

Thus, it is concluded that the increase in weight of guinea-pigs given abund¬ 
ance of all other substances known to be necessary for growth is dependent on the 
amount of vitamin C given. This fact may be made the basis for a method of 
estimation of vitamin C with the procedure, so far found necessary for all 
biological estimations, of carrying out a simultaneous test of the standard in 
every estimation made. 

Assessment of macroscopic lesions of scurvy . 

At autopsy scorbutic symptoms were looked for in the elbow and knee joints 
(haemorrhages) and in the ribs (swollen costochondral junctions). Different 
degrees of severity were denoted by the numbers 1-4. The state of each part was 
assessed separately and the condition of each guinea-pig assessed as the average 
of the three figures given to the various parts. The average degree of scurvy 
developed in each group was then calculated. All the animals in group 1 (given 
no supplement) died within the six weeks of the test and most of them had 
developed only slight Bigns of scurvy. The other groups developed scurvy to an 
extent proportional to their deprivation of vitamin C in a curvilinear relationship. 
The results are collected in Table IV. 

A calculation of the relationship between the average intensity of scurvy 
developed in six weeks and the daily dose of vitamin C given was made in the 
same way as the calculation relating average increase in weight and dose of 
vitamin C.given (Fig. 2 A, B, C), The relationship was found to be expressed by 
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Group 

1 

2 

3 

4 

5 

6 

7 

8 
9 


Number of 

Table IV. 

Daily dose of supplement 

Average degr 
of scurvy 

animals 

given 

developed 

5 

No dose 

10 

10 

0*125 mg. ascorbic acid 

1-83 

10 

0*25 

1-55 

10 

0-5 

0-67 

6 

10 

0-33 

6 


0-25 

6 

0*25 ml. fruit juice 

2*54 

12 

05 

1*59 

6 

10 

0*75 



Fig. 2. The average intensity of scurvy developed in groups of guinea-pigs given traded dew** 
ascorbic add daily for 6 weeks plotted against ^ « graded doses of 


(A) the dose of ascorbic acid (x) (equation y =0-49 -1 *50 log (log 10*)); 

(B) the log of the dose of ascorbic acid log (*) (equation y =0-49 - 1*50 w i x . i vv. 

(0) the log of the^log of 10 times the dose of ascorbic acrid log (log loir) (equation 

to show how the equation of the curve of response was obtained. 

Bioohem. 1936 xxx 


111 



1726 K. H. COWARD AND E. W. KASSNER 

the equation y=0-49—1-50 log (log 10a:), where y=the intensity of scurvy 
developed (as measured by the particular scheme adopted) and x=the daily 
dose (in mg.) of ascorbic acid given. How nearly the points fit this curve may be 
seen in Pig. 2 A. It is evident that four of the five points fit a curve slightly below 
this one remarkably well but the fifth point raises the whole curve. 

By substituting in the equation y= 0-49 —1-60 log (log 10a:) the values of y 
obtained by giving the three different doses of fruit juice, the following values 
were found: 

0-25 ml. fruit juice contained 0*110 mg. ascorbic acid. 

0*5 ml. fruit juice contained 0-164 mg. ascorbic acid. 

1-0 ml. fruit juice contained 0-469 mg. ascorbic acid. 

These three results give the potency of the juice as 0-44, 0-33 and 0-47 mg. 
respectively of ascorbic acid per ml. The average, weighted according to the 
number of animals in each group, is 0-39 mg. ascorbic acid per ml. of juice. 
Therefore the juice contains about 8 i.tr. of vitamin C per ml. 

A simpler calculation for the potency may be made in the following way. 

(а) 1 ml. fruit juice gave slightly less protection than 0-5 mg. ascorbic acid. 

Therefore 1 ml. fruit juice appears to contain about 8 i.u. of vitamin C. 

(б) 0-5 ml. fruit juice gave the same amount of protection as 0-26 mg. 
ascorbic acid. 

Therefore 1-0 ml. fruit juice appears to contain 10 i.u. of vitamin C. 

(c) 0-25 ml. fruit juice gave less protection than 0-125 mg. ascorbic acid. 

Therefore 1-0 ml. fruit juice appears to contain about 7 i.u. of vitamin G. 

The average of the three results (a), (6) and (c) is about 8 i.u. of vitamin C 
per ml. of juice, which is the same result as that obtained by the more elaborate 
calculation and may be considered a fair confirmation of the value, 6 i.u. of 
vitamin C per ml. of juice, found by the method based on increase in weight. 
Therefore, the estimation of the vitamin C potency of a substance obtained by 
comparing the average intensity of scurvy developed in the animals given 
doses of that substance with that in animals given doses of the International 
Standard at the same time, gives the same result as a comparison of the increases 
in weight of the same animalB during the experiment. 

The amount of ascorbic acid present in the fruit juice was not determined by 
the chemical method as sulphur dioxide had been used for its preservation. 

Comparison of this method with the “tooth" method. 

The method of estimating vitamin C by its influence on the body weight of 
guinea-pigs during a period of six weeks is no more accurate than the method of 
estimating it by its influence on the histological structure of the teeth during a 
period of two weeks. It has two advantages over the “tooth” method, (a) it is 
independent of the subjective errors of assessment of the amount of scurry 
developed, (b) it does not involve the rather skilled technique of cutting the 
sections of the teeth. On the other hand, the “ tooth ” method of estimation can 
be completed within a period of four weeks and also it has the very great recom¬ 
mendation of being based on a reaction specific for vitamin C. It seems to us, 
therefore, that the “tooth” method is still very much to be preferred to the 
“increase in weight” method as worked out by us. 
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Summary. 

A method for the estimation of vitamin C has been worked out on the basis of 
its influence on the body weight of guinea-pigs. The method is very similar to the 
method of estimating vitamin A which was worked out in this laboratory. 

Different groups of guinea-pigs were given daily doses of 0-125, 0*25, 0-5, 1-0 
and 2-0 mg. of ascorbic acid (International Standard), each guinea-pig in any one 
group being given the same daily dose. A diet containing abundance of all other 
substances known to be necessary for growth was given ad lib., a fresh portion 
each day. The guinea-pigs were weighed twice a week. When the test had been 
carried on for six weeks a fairly smooth curve of response was obtained relating 
increase in weight to dose of vitamin C given. In any period shorter than six 
weeks, the curve of response was much less smooth. The curve of response was 
represented by the equation y = 74-34-108-2 log (log 10a:). 

The severity of the scurvy developed by the animals during the test also bore 
a curvilinear relationship to the dose of vitamin C given. A fairly good curve of 
response, y = 0-49—1*50 log (log 10a:), was obtained. 

A sample of fruit juice examined by a test carried out simultaneously with 
the tests on the ascorbic acid (International Standard) was found to contain 
(5 i.u. of vitamin 0 per ml. as estimated by the increase in weight of the animals, 
and 8 i.r. per ml. as estimated by the severity of scurvy developed. This was 
considered to be fairly good agreement. 

The accuracy of the ‘increase in weight” method has been calculated. It is 
not greater than the accuracy of the “tooth” method. 

The relative merits of the two methods have been discussed. It is concluded 
that the “tooth” method has distinct advantages over the “increase in weight ” 
method as carried out in the experiment described in this paper. 
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CCXLII. VARIATIONS IN THE CAROTENE AND 
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ENGLISH BREEDS. 
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Earlier experiments have shown that the colour and vitamin A content of 
butter can be maintained at the high levels usually regarded as peculiarly charac¬ 
teristic of summer even in the winter period of stall feeding by the addition of 
artificially dried grass to the ration [Gillam et al., 1933; Watson et al,, 1933], 
Similar results have also been obtained with A J.V. silage [Watson et at,, 1934]. 
As an extension of these experiments it was decided to obtain data on the 
variation of the carotene and vitamin A contents with season, breed and stage 
of lactation of the milk fat of cows kept under typical English conditions of 
feeding and management. Studies of some of these variations in the milk of 
English cows have previously been made using either colorimetric or biological 
methods of assay [Dann, 1933; Booth et al 1933 : 1934], but at the time this 
investigation was commenced, no comprehensive study of the variations in 
the carotene and vitamin A contents of milk, using the more precise spectro- 
photometric methods of assay, had been made. Since then, however, thorough 
investigations of the fat of milk produced under American conditions of 
management have been carried out [Baumann et al,, 1934], using the spectro- 
photometric method developed earlier [Baumann & Steenbock, 1933]. 

Details of experiment. 

For the experiment, two cows were selected from each of the main dairy 
breeds—Shorthorn, Ayrshire, Friesian and Guernsey. All the cows calved during 
October or November 1934, and seven of them were part of a large herd, receiving 
therefore uniform management and feeding. The remaining cow, an Ayrshire— 
Heather Lass—belonged to aneighbouring herd in whichout wintering ”of cattle 
is the usual practice. 

The particulars concerning the cows were as follows: 

No. of calves 


Breed 

Name 

previous to 
experiment 

Calving date 

Shorthorn 

Annette 

3 

31. x. 34 


Cherry 

1 

13. x. 34 

Ayrshire 

Ninna 

7 

22. xi. 34 

Heather Lass 

4 

28. xi. 34 

Friesian 

Dairymaid 

Pearl 

4 

20. x. 34 


3 

3, ?. 34 

Guernsey 

Eva 

2 

6. x. 34 


Nellie 

2 

28. x. 34 


( 1728 ) 
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During October, November and December, the cows received a winter ration 
of hay, kale and concentrates, the kale being fed at the rate of 30-40 lb. per day. 
From January 1935 to the end of April the kale was replaced by mangolds. The 
cows were turned out in April, but owing to a wet cold spell, there was very little 
available grass. During May and June, the cows had access to a plentiful supply 
of good quality pasture. In July, as a result of a drought, the quality and 
quantity of the grass fell off rapidly, and after the second week the fields were 
bare and burnt, and supplementary feeding with hay and concentrates was 
necessary. 

Collection of butter samples. Immediately following calving, the colostrum 
was collected, as completely as was possible practically, during the first 2-3 days. 
With some difficulty, butter was prepared from the material after it had settled 
for a few days. At monthly intervals thereafter, the total milk from an afternoon 
and following morning’s milking was collected, separated, allowed to ‘ ripen” 
and then churned. The butter was then immediately clarified and the butter fat 
stored in a refrigerator until the necessary determinations could be carried out. 
In the later stages of lactation, it was necessary to collect two days’ supply of 
milk in order to obtain suffic ient for the making of the butter. 

Determination of carotene and vitamin A in the. butters. Samples (20-25 g.) of 
the dry filtered butter fats were saponified and the carotene and vitamin A 
determined in the unsaponifiable matter by absorption spectra methods, 
following the technique previously described [Gillam, 1934]. The gross absorp¬ 
tion of the unsaponifiable matter in chloroform at 455-460 m/z, less a constant 
6% correction for xanthophvll, was converted into absolute carotene values by 
comparison with the standard absorption of pure j3-carotene, E j ^ 463m/z 
(chloroform) = 2200 [Gillam, 1935]. The absorption at 328m/z (Hilger E. A quartz 
spectrograph), after correction for that due to carotenoids, was similarly con¬ 
verted into percentages of vitamin A by making use of the value of E [ 328 m/z = 
1600 for the purest vitamin A distillates [Carr & Jewell, 1933]. The values so 
obtained are relative and, provided that vitamin A is not concentrated further, 
are absolute also. (Karrer & Morf [1933] have reported a value of E\ u e * x = 1700.) 

Discussion of results . 

The results of the examination of the butters of each cow throughout the 
whole period of lactation are shown graphically in Figs. 1 and 2. In considering 
the data, it must be emphasized that only two cows of each breed were used, 
and these exhibit marked individual variations, particularly in regard to carotene 
content, the vitamin A values showing closer agreement. As a result, the varia¬ 
tions in values in the different breeds are only significant when the differences 
are very marked. This is shown clearly in contrasting the Shorthorn and Ayrshire 
groups. In a previous experiment [Watson ei al ., 1934] the relative positions of 
these two breeds were the inverse of those of the present investigation. These 
variations, however, do not affect the general trend of the results. It will be seen 
that the butters show the normal decrease in their vitamin A and carotene values 
as the winter proceeds, reaching a minimum about the end of March [Gillam et al. f 
1933]. With the advent of spring and fresh grass, the values rise sharply and 
continue until they reach the high values characteristic of summer butters. An 
interesting example of this well-known dependence of the quality of the butter 
on the supply of carotene-rich food is shown in the butters from the Ayrshire 
cow, Heather Lass. Whilst all the other cows in the experiment were stall-fed on 
similar rations, this cow was “outwintered”, i.e. allowed access to pasture 
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throughout the winter. The results are shown in the higher carotene values 
of the resulting butter and more particularly in the vitamin A values, which 



Fig. 1. Variation in the carotene content of butter fat during lactation of the cow. Oct. to March* 
stall-feeding. April, grazing but grass scaroe. May and June, grass good and plentiful. 
July and Aug., drought; grass scarce and poor. 

(All cowb calved one month pr or to date of first sample.) 


are consistently much higher than those of the other Ayrshire o#w while this 
was stall-fed (Fig. 2). 





OCT I NOV* DEC I JAN I FEB'MAR »APRIL* MAY 'JUNE* JULY* AUQ* 


Fig. 2. The variation of the vitamin A content of butter fat during lactation of the cow. 
Oot. to March, stall-feeding. April, grazing but grass scarce. May and June, glass good 
and plentiful. July and Aug., drought; grass scarce and poor. 

(All cows calved one month prior to date of first sample.) 
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Average values for typical English milks . 

The carotene and vitamin A values of the milk fats from the individual cows 
have been collected and summarized in Table I together with the average values 
for each breed. 

Table I. Summarized values for all four breeds . 


Breed 


Gross 

average 

value 

Winter 

average 

Summer 

average 

Mini¬ 

mum 

values 

Maxi¬ 

mum 

values 

Vitamin A / 
carotene 
ratio 

Shorthorn 

Carotene 

0-27 

0*25 

0*29 

009 

0*541 

O.* • 1 


Vitamin A 

0*68 

0*58 

0*84 

0*36 

1*24 [ 


Ayrshire 

Carotene 

0-36 

0*27 

041 

Oil 

0*691 

24: 1 

Vitamin A 

0*85 

0*66 

118 

0*30 

l-42f 

Friesian 

Carotene 

0-40 

0*35 

0*47 

Oil 

0*851 

2*25: 1 


Vitamin A 

0-90 

0*61 

1*21 

0*52 

1-501 

Guernsey 

Carotene 

0-92 

0*73 

114 

0*42 

1*971 

0*80: 1 

Vitamin A 

0-75 

0*54 

0*95 

0*37 

l-42f 

Note 1. 

All values are expressed in me./100 g. fat. (For bases of calculation, cf. p. 1729.) 

Note 2. 

The samples were 

divided into winter and summer samples arbitrarily, October- 


March being called “winter” and April-September being called “summer”. 


The Ayrshire values are a little higher than would otherwise be the case owing 
to the fact that one cow—Heather Lass—had access to fresh winter grass. 

The Shorthorn values are lower than were expected from previous work. This 
is shown by the figures given later in this paper (Table IV) for larger groups 
of Shorthorn cows taken at different stages of lactation. The average values 
here are 0*50 mg./lOO g. of carotene and 1*01 mg./lOOg. of vitamin A. These 
values are not directly comparable with the values in Table I which include a 
large number of winter samples. On account of the fact that the gross growth- 
promoting activity of the butter fats is due to two different entities (vitamin A 
and carotene), the relative amounts of which vary both from breed to breed and, 
to a less extent, from cow to cow, a better appreciation of the relative values of 
the fats is obtained by expressing the total vitamin A activity in terms of 
biological units calculated from the known amounts of carotene and vitamin A 
present. The results are expressed arbitrarily in )9-carotene units (y per g.) on the 
basis of equal potencies for pure vitamin A and pure /3-carotene [Moore, 1933]. 
The resulting values have the advantage of presenting a relative set of figures on 
a uniform basis for the four breeds; it is not claimed, however, that the same 
values would be found by actual biological test. 


Table II. Calculated growth-promoting activities of the butter fats in y per g. 

Ifi-carotene units). 



Gross 

Summer 

Winter 



Breed 

average 

average 

average 

Maximum 

Minimum 

Shorthorn 

9*5 

11-3 

8*3 

17*8 

4*7 

Ayrshire 

12-1 

15*9 

9*3 

20*8 

41 

Friesian 

13*0 

10*8 

9*6 

23*2 

6*9 

Guernsey 

16*7 

20*9 

12*7 

31-7 

8*8 


These figures make the Guernsey appear the best of the four breeds as far as 
the gross content of vitamin A-active substances in the milk fat is concerned, a 
result which is not consistent with the finding that Shorthorn and Guernsey 
butters have approximately identical biological activities throughput the year 
[Booth et at., 1934]. In this connection, it has recently been shown that pure 
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carotene fed in vitamin A-free butter fat is apparently 2-3 times less effective 
than when fed in cottonseed oil [Kraybill & Shrewsbury, 1936J, a result which 
may explain the observation that the vitamin A of butter is several times more 
effective biologically than the carotene [Booth ei al 1934]. Thus it would seem 
that carotene is not utilized at all efficiently from butter fat by the rat, and this 
would tend to lower the apparent gross vitamin A activity (as determined 
biologically) of Guernsey butters, which owe more of their activity to carotene 
than to vitamin A. Thus, though Guernsey butters commonly contain more of 
the vitamin A-active substances than butters of other breeds, the question 
whether the human organism, unlike that of the rat, can absorb the carotene 
as effectively as the vitamin A must still remain open. 

Colostrum. 

The carotene and vitamin A values of the colostral milk (bulked samples 
collected during the first two days after calving) are markedly greater than those 
of normal milks, thus serving the purpose of providing the calf with a highly 
concentrated food in the first few days of life. The data on colostrum compared 
with milks from the same cows a month after calving are shown in Table III. 
The colostrum values, having been obtained on samples collected over two days, 
are not as high as those obtained on the first day's colostrum only. 

Table III. Carotene and vitamin A of colostrum ,. 

Carotene Vitamin A 


Date 

Cow 

Breed 

mg. 100 g. fat 

mg. 100 g. 

Oct. 20 

Dairymaid 

Friesian 

3*40 

124 

Nov. 20 

tt 

»» 

0-38 

052 

Nov. 22 

Ninna 

Ayrshire 

4-60 

2-90 

Dec. 22 


„ 

018 

037 

Nov. 30 

Heather l*ass 


421 

3 13 

Dec. 30 


M 

0*35 

044 

Oct. 28 

Nellie 

Guernsey 

3-61 

M3 

Nov. 28 

„ 

„ 

0*91 

0-07 

Oct. 13 

Cherry 

Shorthorn 

290 

3*51 

Nov. 13 

n 

M 

0*28 

0*48 

Oct. 31 

Annette 

ff 

3*80 

1*37 

Nov. 30 

»* 


035 

0-68 


The high vitamin A value of cow's colostrum has previously been demon¬ 
strated biologically by Dann [1933] in England, and spectroscopically by Semb 
et aL [1934] in America. The latter authors have shown that the high potency of 
the colostral milk persists for only a few days after the calf is born before drop¬ 
ping to a more normal value, a fact which is fully confirmed by the present 
results. 

End of lactation effect . 

The graphs (Figs* 1 and 2) show the variation in carotene and vitamin A con¬ 
tent of the fat of each of the cows in the experiment throughout the whole of 
lactation. The marked decrease in these values towards the end of lactation, 
which coincided with the known scarcity of grass occasioned by the drought of 
July-August 1934, made it necessary to carry out experiments to decide whether 
the drop in quality of the milk was in fact due to a low-carotene diet, or was a 
genuine end of lactation effect. In order to decide between these two alternatives, 
bulked fat from 5 groups of 6 cows, all on the same diet, and at the same season 
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but at different stages of lactation, was examined in the early winter of 1935. The 
following results were obtained, and show clearly that there is no obvious drop 
in the carotene and vitamin A of milk fat as the cow nears the end of lactation. 
This is in agreement with the results obtained by Treichler et al . [1935]. 


Table IV. Carotene and vitamin A values of milk fat of Shorthorn cows at 
different stages of lactation . 


Sample 

Weeks after 
calving 

Date 

Carotene 
mg./lOO g. fat 

Vitamin A 
mg./lOO g. fat 

A 

10 

27. xi. 35 

0-46 

M0 

D 

15 

28. xi. 35 

0-45 

0*95 

B 

19-23 

29. xi. 35 

0*58 

1*06 

E 

29 

20. xi. 35 

0*54 

0*93 

C 

30 

29. xi. 35 

0-46 

103 



Averages 

0*50 

101 


Summary. 

The carotene and vitamin A values of the milk fats (butter) of each of eight 
cows have been determined spectrophotometrically at monthly intervals from the 
day of calving to the end of lactation. Four groups of two cows were used, each 
group representing a typical English breed (Shorthorn, Ayrshire, Friesian and 
Guernsey), and all were treated alike, being stall- fed during the winter and pasture- 
fed in spring and summer under typical English conditions of management. The 
results show that individual variations among cows of the same breed are large 
but that, apart from the abnormally high values of colostrum, the carotene and 
vitamin A values of the butters are much more dependent on diet than on stage 
of lactation. Maximum, minimum and mean values for each breed are recorded. 

Comparison of the summations of carotene plus vitamin A values places the 
breeds, in order of vitamin A activity of the butters, Guernsey > Friesian > 
Ayrshire > Shorthorn. The results of this and previous work indicate that the 
differences between butters of the last three breeds are scarcely significant. 

The thanks of the authors are due to the Research Council of Messrs Imperial 
Chemical Industries Ltd. for a grant and to Mr G. V. Cawthome for assistance 
in the analysis of the butters. 
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CCXLIII. THE ISOMERIZATION OF CAROTENES 
BY CHROMATOGRAPHIC ADSORPTION. 

I. PSEUDO-ar CAROTENE. 

By ALBERT EDWARD GILLAM and MOHAMMED SHAFIK EL RIDI. 

From the Chemistry Department , Victoria University , Manchester. 

(Revived 21 July 1936.) 

In an earlier examination of the carotene of butter by the chromatographic 
adsorption method [Gillam A Heilbron, 1935] it was found that the pigment 
separated readily into two dearly-defined coloured zones when adsorbed on 
alumina from light petroleum solution. The colour, location and general appear¬ 
ance of the zones together with the absorption spectra of the separately eluted 
pigments indicated that, in addition to /8-carotene, appreciable amounts of the 
a-isomeride were also present. a-Carotene has since teen independently detected 
in butter, using magnesium oxide as adsorbent instead of alumina [Strain, 1935], 
A comparison of the adsorption of butter carotene on each of these two adsorbents 
has since shown that chromatographic analysis on alumina makes the a-oarotene 
content of butter appear much greater than when magnesium oxide is used. 

In order to explain these anomalous results we have carried out adsorption 
experiments on pure /8-carotene using, primarily, aluminium oxide as adsorbent. 
The results show that the process of adsorption itself separates /S-carotene into 
two zones of pigment having properties exactly comparable with those obtained 
when gross butter carotene is used. Subsequent experiments have shown that 
the lower zone contains a new carotenoid pigment having absorption maxima 
(in the visible) different from those of j8-carotene but identical with those of 
a-carotene. It is thus clear that when the carotene fraction of butter is adsorbed 
on alumina the second pigment is not wholly a-carotene, as was at first thought, 
but contains a considerable amount of a new compound. 

These phenomena have already been reported briefly [Gillam & El Ridi, 
1935, 2], but since then, starting with pure /9-carotene, we have prepared the new 
pigment, which we propose to callp&»Mdo-a-carotone. The present paper describes 
its preparation and properties. 

Table I summarizes these properties in comparison with those of a- and 
/8-carotene examined under the same conditions [cf. also, Kuhn A Brockmann, 
1931; Kuhn A Lederer, 1931, 1, 2; Karrer A Walker, 1933; Strain, 1934, 2]. 

The probable structure of pseudo-a-carotewe. 

The method of preparation of jweudo-a-carotene from /S-carotene and the 
analytical data indicate that the substance is a hydrocarbon carotenoid, of 
formula C^Hm, produced by isomerization of /3-carotene. 

Preliminary feeding tests on rats, for which we are indebted to Mr A. L. 
Bacharach of Glaxo Laboratories, Ltd., show clearly that the substance possesses 
strong vitamin A activity when fed at the rate of 2y per rat per day. Prom this 
it can be inferred that the compound contains at least one structural unit made 
up of a /9-ionone ring and four ethylene linkages conjugated with it, this unit 
being— as far as our knowledge goes—specifically associated with vitamin A 

( 1735 ) 
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Table I. Properties of paeudo-x-carotene. 
Compared with those of the a- and ^-carotenes. 


paeudo-a-Carotene 

/3-Carotene 

a-Carotene 

Formula 

Melting-point 

Rotation 

c 40 h m 

166° (uncorr.) 

Nil 

04oH„ 

182° (uncorr.) 

Nil 

o w h m 

183-5° (uncorr.) 

+ 377° (benzene) 

Absorption maxima (mp) : 
Carbon disulphide 
Chloroform 

Petroleum (79-80° B.r.) 
Pyridine 

Ethyl alcohol 

507, 477 

486, 456 

477, 446 

493, 461 

478, 447 

514, 484 

491, 463 

484, 452 

507, 476 

487,456 

477, 447 

Antimony trichloride: 
Colour 

Absorption maxima (m p) 

Blue 

591 only 

Blue 

591, 541 

Blue 

591, 541, 492 

Analyses. Found:* 

Carbon % 

Hydrogen % 

89-3 

10-0 

89-5 

10-1 

89-0 

10-6 

Partition, 90% methyl 
alcohol-petrol 

Epiphasic 

Epiphasic 

Epiphasic* 

Hydrogenation (double 

10-9 

10-9 

11-0 


bonds) 


Adsorption on alumina Slowly produces an- Slowly forms a lower Slowly produces a 
other zone above the zone of pseudo-tx- lower zone below the 
main pseudo-<x-c&ro- carotene main zone, different 

tene zone (/J-caro- from pseudo- a-caro- 

tene?) tene 

Adsorption affinity Less than that of /3- Greater than either a- Less than ft- and simi- 
carotene or paeudo-a-carotenc lar to that of jiseudo- 

a-carotene 

* C 40 H w requires 89-55, 10-45. 

activity [cf. Kuhn & Brockmann, 193.5]. Quantitative hydrogenation of the 
pigment shows that it contains a total of eleven ethylene linkages but absorption 
spectra data indicate that only ten of these are conjugated. The absorption 
maxima in the visible are identical with those of oc-earotene, lutein and 0-oxy- 
carotene, and the chromophore responsible for the absorption should therefore 
be the same in each case, i.e. one double bond in a /?-ionone ring and nine others 
in a straight chain conjugated with it [Karrer, Morf & Walker, 1933; Kuhn & 
Brockmann, 1932, 1; Karrer, Zubrys & Morf, 1933; Kuhn & Lederer, 1931, 1]. 
The eleventh double bond must be isolated from the conjugated system (cf. 
a-carotene Formula I). 

Owing to the similarity of the compound to a-carotene the question arises 
whether, in fact, it is identical or not. The evidence is as follows; 

(а) pseudo-ac-Carotene melts at 166° (uncorr.) ± 1° only in four different 
crystalline preparations. Contrast a-carotene, m.p. 187° (corr.) [Karrer Sc Walker, 
1933], and our own specimen ( vide supra), m.p. 183*5° (uncorr.). 

(б) It has no detectable rotation; contrast a-carotene [a],*, = 4-380°. This 
absence of optical activity, however, might be due to racemization which is to be 
expected from the manner of its preparation from inactive 0-carotene. 

(c) By adsorption on alumina pseudo- a-carotene is partially re-converted into 
a substance identical with, or closely similar to, 0-carotene. 

Genuine a-carotene, on the other hand, behaves quite differently on adsorp¬ 
tion, for whereas pseufo- a-carotene is converted into a pigment having absorp- 
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tion maxima at longer wave-lengths, a-carotene is converted into another pigment 
with absorption maxima at shorter wave-lengths. 


Pigment 

p#cwdr>-a-Carotene 

Adsorption on 
alumina 

Upper zone 

Absorption maxima (?»/*) 
(petroleum n.p .70-80°) 

a. 

Pigment present 
/3-Carotene 

t 

484 

A 

452 

Lower zone 

477 

440 

pttw/o-v-Carutcne 

a-Carotcne 

Upper zone 

477 

447 

a-Carotene 


Ijowc?r zone 

470 

441 

*‘ Neooarotene ’ ’ (vide 


infra) 

This property clearly differentiates p^?«to-a-carotene from a-earotene, hence 
we conclude the former to be a new pigment and not the racemic form of a- 
carotene. 

By analogy with the known structural formula of a-carotene [Karrer, Morf & 
Walker, 1933] (I) 


CH, CH, CH, CH, 

X x 

CH„; oC; —CH^=C'H—CH^'---CH==CH—CH==K^vJH==CH —Cly V JiCH, 


CH.° 

4 X 

\h. 


3 c-ch, 


CH, 


CH, 


n=j-~ci 

CH, 


CH, CH, 

^CH^ 


it is probable that pseWo-a-carotene has a similar structure. From its method 
of preparation and properties it is to be inferred that the mechanism of formation 
is a displacement of one terminal double bond out of the conjugated system of 
0-carotene (11 F). As this is more likely to be displaced to the 3' 4' position than 
to the 4' 5' or 5' iV positions the resulting formula is probably the same as that 
of a-earotene (ef. Formula 1). The closely similar properties (without aetual 
identity) of pseudo-a-carotenc and a-earotene make it probable that the difference 
is due to a rearrangement, of the double bonds (leaving a group of ten conjugated) 
or to geometrical isomerism. The final decision on this point must await further 
work. 

The effect of other adsorbents on 0- carotene . 

Having found that adsorption on alumina results in the isomerization of 
0-carotene, other adsorbents commonly used for the separation of carotenoids 
were tested for this property. Thus, calcium hydroxide, which has been used 
successfully for the separation of a-carotene from 0-carotene [Karrer, Walker, 
el al. 1933] and the purification of the former (Karrer & Walker, 1933], has 
been found to convert 0-carotene into psetwto-a-carotene exactly as does alumina, 
but it gives a smaller yield each time. 

Magnesium oxide which has also been used [Strain, 1934, 1, 2] for the separa¬ 
tion of a- and 0-carotenes was similarly tested by repeatedly adsorbing 0-caro- 
tene, in light petroleum solution, upon it. The 0-carotene showed no evidence of 
separation into two zones even after four adsorptions. Furthermore, if a mixture 
of 0-carotene and psevdo-x-c&rotene prepared by repeated adsorption of 0-carotene 
on either alumina or calcium hydroxide is adsorbed on magnesium oxide the 
chromatogram shows no evidence of heterogeneity. There is reason to believe, 
however, that even if it does not produce any separable pset«fo-a-carotene from 
0-carotene as do the other two adsorbents, after repeated adsorption on 
magnesium oxide, 0-carotene begins to show displacement of its absorption bands 
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towards shorter wave-lengths. Conversely, adsorption of pseudo- a-carotene 
displaces the maxima back again to wave-lengths not quite as long as those of 
/9-oarotene. The following data are typical. 


Adsorption of pigments on magnesium oxide. 

Absorption maxima in petroleum 
(b.p. 70-80°) (mp) 


Pure j8-carotene 

483 

452 

Pure /l-carotene, after 1 adsorption 

480 

450 

Pure /3-carotene, after 2 adsorptions 

479 

449 

pseudo- a-Carotene 

470 

446 

pseudo -a-Carotene, after adsorption 

479 

448 

“Neocarotene” (by adsorption on 
alumina) 

470 

441 

“Neocarotene” (by adsorption on 

MgO) 

472 

443 


We believe these differences in the positions of the absorption maxima to be 
significant but they are approaching the limits of detection by the method of 
photographic or visual absorption spectrophotometry unless high dispersion 
spectrographs are used. 


Adsorption experiments with x-carotene. 

We have carried out a few preliminary experiments on the effect of chro¬ 
matographic adsorption on a-carotene (pure crystalline material ex palm oil; 
analytical data in Table I). Like /S-carotene this material also suffers change on 
adsorption on alumina or calcium hydroxide and separates into two zones of 
pigment which, after elution, exhibit absorption maxima as follows: 


Carbon disulphide 

mfj. 

t -**--\ 

Upper zone 507 477 

Lower zone 501 470 


Petroleum 
(b.p. 70-80') 

t -' v -. 

477 477-5 

470 441 


The lower zone clearly contains a pigment distinctly different from either 
/9- or a-carotene and which we propose to call neocarotene. The absorption maxima 
characteristic of this pigment are closely comparable with those reported for a 
yellow substance, occurring in small quantity at the bottom of the column, 
when a- and /9-carotene mixtures are adsorbed on calcium hydroxide [Karrer 4 
Walker, 1933]. It is now clear that this material must have been formed from 
a-carotene during the actual adsorption. a-Carotene is readily changed into 
neocarotene by adsorption on magnesium oxide (contrast /9-carotene on this 
adsorbent). 

Pending the results of a fuller examination of the properties of neooarotene 
which we are now conducting discussion of its probable structure is necessarily 
only conjecture, but the absorption spectrum, identical with that of t&raxanthin 
[Kuhn & Lederer, 1931, 1], violaxanthin [Kuhn & Winterstein, 1931; Karrer et 
al. 1933], and a-oxycarotene [Karrer et al. 1934], suggests a straight chain 
of nine conjugated double bonds as the chromophoric grouping* From its 
method of preparation from a-carotene—strictly analogous with the preparation 
of pseudo-a-c&rotene from /9-carotene—and from the light absorption data it is 
probable that it has the structure of a-carotene (Formula I) but with the j8-ionone 
double bond displaced, probably into the 3,4 position, thus leaving an a-ionone 
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ring at each end and nine double bonds in conjugation. If this is correct neither 
half of the molecule will contain the half /?-carotene structure essential for 
growth-promoting (vitamin A) activity, and the substance should therefore be 
biologically inactive, a forecast which we shall test when the material is 
available. 

In considering the possible causes of the observed fact that when apparently 
pure /8-carotene is repeatedly adsorbed on alumina it separates into two zones of 
pigment having different absorption spectra there appeared to be two possible 
explanations : 

(a) that the original /3-carotene contained pseudo- a-carotene as an impurity 
or, 

(b) that the psetaio-a-carotene was formed from /3-carotene. 

The impurity hypothesis is definitely precluded by the fact that the carotene 
fractions remaining after one or more yields of psewdo-a-carotene had been 
removed were identical with each other, and with the original /8-carotene. The 
following experimental results illustrate the point. 

Absorption bands petroleum 


Fraction m.i\ ( C.) 

(b.p. 70-80 ) (mil) 

, - *-N 

F (°o) 

H(%) 

Original 0-carotene 182 

484 

452 

89*5 

101 

After one adsorption — 

484 

452 

— 

— 


(no separation) 

After two adsorptions: 


Upper zone 183 

484 

452 

88-8 

no 

I^ower zone 160 

477 

446 

80-3 

100 

Readsorption of upper pigment only: 

Up|jer zone 

483 

452 

— 

- 

l^ower zone 

476 

447 

— 

— 


There is thus no doubt that /ww?<do-a-carotene is not present as an impurity 
but is produced directly from /3-carotene. 

A further interesting point about this isomerization of both a- and /3-carotenes 
is that it appears to be reversible, for whereas by separating the pigment formed 
by adsorption and readsorbing the unchanged pigment several times it can be 
wholly converted into the corresponding isomeride, if either of the new pigments 
is readsorbed on alumina or calcium hydroxide it is reconverted largely into 
what is apparently its parent substance. Thus we have converted /8-carotene into 
psewdo-a-carotene and then back again. The properties of the resulting pigment 
are very similar to those of /8-carotene. 


Reversal of isomerization by adsorption . 


Sample 

Source 

Adsorption 

on 

M.P. 

°C. 

Absorption bands 
petroleum 
(B.r. 70-80) m/i 

/- A -^ 

0-Carotene 

Grass 

— 

182 

484 

452 

jpeetafo-a-Carotene 

0-Carotene 

Alumina 

166 

477 

446 

0-oarotene? 

pseudo-** Carotene 

Alumina 

175 

480 

452 


Despite the fact that the process /S-carotene ^ p*etido-a-carotene will proceed 
in either direction on adsorption although not to completion, pseudo a- carotene 
once formed does not apparently revert spontaneously to /8-carotene even 
when kept few several months in light petroleum solution (in the absence of 
oxygen). 
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The basic or amphoteric nature of the adsorbents so far examined is probably 
a significant factor in producing these changes which are almost certainly due to 
displacements of one double bond out of the respective conjugated systems. It 
is clear however that the ease of this displacement is affected by the presence of 
impurities. Thus the carotene fractions of butter or blood serum, even after 
removal of sterols by freezing, are separated readily into two zones of pigment by 
a single adsorption on alumina [Gillam & El Ridi, 1935, 1], whilst with pure 
crystalline /?-carotene it requires much longer washing, or more usually elution 
followed by another adsorption, to bring about the isomerization. 

The possibility of these phenomena being due to oxidation is precluded by 
the following considerations. 

(a) /3-Carotene can be converted into p<sewfo-a-earotene by adsorption even 
when oxygen is rigorously excluded and when the adsorbent has been previously 
ignited in a stream of nitrogen to remove some or all of the adsorbed oxygen. 

(b) The analytical data show that pseudo-v -carotene contains no oxygen (or 
only a trace due to autoxidation). 

(c) If pseudo-ai -carotene were an oxidized carotene derivative it would be 
adsorbed above /8-carotene in the adsorption columns and not below it. 

In view of the observation that certain adsorbents can isomerize a- and /8- 
carotenes during the actual process of chromatographic analysis the technique 
as a whole must be more critically regarded. Originally due to Tswett [1906] this 
method of separation of pigmented substances by adsorption on suitable powders 
has been applied most successfully to the study of carotenoid pigments, notably 
by Kuhn and his collaborators [Kuhn & Brockmann, 1932, 2 : Winterstein, 1933 ; 
Zechmeister, 1934]. Whilst there can be no doubt that in the vast majority of 
cases of the application of the method to carotenoid problems the separations 
obtained are genuine, substances undergoing adsorption are sometimes changed 
in the process, e.g., the formation of a red material by adsorption of vitamin A 
concentrates on alumina or calcium hydroxide [Castle et aL 1933]. 

The isomerization of a- and /8-carotenes by adsorption on alumina, described 
above, is thus another exceptional example where the analytical process itself 
affects the substances which it is designed only to separate. In view of these cases 
it is important to realize that, following the usual procedure of chromatographic 
analysis, spurious separations can occur even if only rarely. 

Experimental. 

Preparation of pseudo-a-carotene, 200 mg. of pure /8-carotene (ex cocksfoot 
grass; m.p. 180-182°; rotation, nil [Pollard, 1936]), made available through the 
kindness of Prof. A. C. Chibnall and Dr A. Pollard, were dissolved in light petro¬ 
leum (b.p. 70-80°) and poured through a 50 x 6 cm, column of alumina (Brock- 
mann’s standardized ex Merck, diluted 1:3 with inactive alumina) and washed 
down with light petroleum (with or without the addition of benzene). The first 
adsorption, as a rule, did not show appreciable separation, but after elution with 
light petroleum-alcohol, followed by water washing, drying and another adsorp¬ 
tion, a clear separation into two zones was usually obtained. By continued 
washing the lower zone was washed out of the column and collected separately. 
The unchanged /8-carotene was eluted, recovered and readsorbed as before 
(4-5 times) until changed completely into the pseudo-v-torm. In thiaway 200 mg. 
of /3-carotene produces about 80-100 mg. of pseudo-a-carotene in some 4 litres of 
solvent, the remainder of the /3-carotene being lost by oxidation, incomplete 
elution etc. Concentration of the solution by evaporation under reduced pres- 
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sure in nitrogen with subsequent filtration, to remove alumina, and cooling, gave 
a crop of crystals which was further purified by recrystallization from light 
petroleum. Adsorption methods could not be used on account of the reversion 
to / 8 -carotene. 

Analyses. Micro-analyses (Pregl’s method) gave the following results: 

pseudo-a -Carotene. (1) Found: C, 89-3; H, 10*0%; requires C, 89*5; 

H, 10*45%. (2) Found: C, 89*2; H, 9*9%. 

/ 8-Carotene, Found: C, 89*48; H, 10*1%. 

oi-Carotene. Found: C, 89*0; H, 10*6%. 

Rotations. Determinations carried out in red light (Pointolite lamp and 
Wrattcn 29 red filter giving only rays near the cadmium line at 6438 a.u.). 

GL-Carotene. 10 cm. 0*105% in benzene-f0*396°; [a] <5li = +377°. 

pseudo-a-Carotene. 10 cm. 0*15% in benzene-f 0*002° [a],. d = -f* 1*3° ± 5°. 

Hydrogenation. Microhydrogenations, for which we are indebted to Mr H. 
Jackson, gave the following results: Solvent, decalin-aoetic acid mixture; 
Catalyst-PfcO a (for details of method cf. Jackson & Jones [1936]). 

pseudo-a- Carotene . 2*522 mg. absorb 1*215 ml. of H 2 at 766*5 mm. and 
21*2°; double bonds, 10*9. 

The psewdo-a-carotene for hydrogenation was specially prepared using light 
petroleum and benzene free from thiophen. When less pure solvents were used 
the pigment contained sufficient sulphur to poison the catalyst and stop the 
hydrogenation either wholly or in part. 

fi-Caroten* ex cocksfoot grass. 1*582 mg. absorb 0*780 ml. of H 2 at 754*5 ram. 
and 17*5°; double bonds, 11*0. 

a -Carotene ex Palm oil . 1*470 mg. absorb 0*725 ml, of H 2 at 15*6° and 
755 mm.; double bonds, 11*0. 

Absorption spectra of the pigments were determined on a Hilger-Nutting 
visual Spectrophotometer, whilst objective confirmation was obtained photo¬ 
graphically on a Hilger E 3 quartz spectrograph fitted with a Spekker photometer. 

Summary. 

Following up previous work on the carotene of butter where it was found 
that adsorption on alumina or calcium hydroxide separates the pigment into 
two parts which simulate a- and / 3 -carotene, respectively, it has now been found 
that what was apparently a-carotene is largely made up of a new pigment, 
spectroscopically identical with it. 

The new pigment—psewdo-a-carotene—has been prepared by repeated 
chromatographic adsorption of / 8 -carotene on alumina. It has m.f. 166°, is 
isomeric with / 3 -carotene, and on readsorption is reconverted partially into this 
compound. Although spectroscopically identical with x-carotene it differs in 
having no rotation. It further differs in adsorption properties and hence is 
probably not a racemic form of a-carotene. It is suggested that the mechanism 
of formation is a displacement of a terminal double bond out of the conjugated 
system by the adsorption process. 

Preliminary experiments with a-carotene indicate that this also can be changed 
by adsorption into another carotenoid (“neocarotene”) the absorption maxima 
of which are displaced even further towards the violet from those of a-carotene. 
Its properties ere being further examined. 

It is pointed out that in using the chromatographic method for the separation 
of carotenoids care must be taken to differentiate between genuine separations 
and transformations brought about by the process itself. 

Bioohem. 1936 xxx 
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CCXLIV. THE NATURE OF PARANUCLEIN. 

By JEAN DOUGLAS HEED. 

From the Institute of Physiology, Glasgow University. 

(Received 8 July 1936.) 

The traditional misnomer “paranuclein” has been somewhat indiscriminately 
applied to a variety of phosphorus-containing degradation products of cas- 
einogen; here paranuclein will refer specifically to the material deposited during 
the digestion of caseinogen by pepsin. 

The experiments of the earlier workers (summarized by Rimington & Kay 
[1926]) showed that the material varied considerably, according to the experi¬ 
mental conditions, both in total amount and in its content of the original 
caseinogen-pliosphorus. To explain these variations in phosphorus content, 
Robertson [1907], in work in which he claimed to have synthesized paranuclein 
from lower degradation products of caseinogen, expressed the opinion on some¬ 
what slight evidence that paranuclein must be a mixture of at least two substances. 
Thereafter for a time the subject lapsed until Rimington & Kay, in their well- 
known studies on caseinogen, investigated also the derived paranuclein, and 
definitely confirmed its resistance to pepsin and its ready degradation by trypsin 
and by i % NaOH. 

Holter et ah [1932] analysed paranuclein or “ phosphorpepton ” with regard 
to its identity as a single compound, and found a N/P ratio 1 of 8-3 to 8-7 among 
some half-dozen specimens, the divergence being assumed to be within the limits 
of experimental error. On prolonged digestion, they found that the N P ratio fell 
to 7*1. Stirling & Wisliart [1932] investigated the organic phosphorus produced 
on peptic digestion of caseinogen, using the technique of precipitation by 
trichloroacetic acid, and found a fairly constant N/P ratio for the insoluble 
residues of 12-8. This work, however, is difficult to correlate with the previous 
since the acid-insoluble residues and paranuclein are clearly not identical. 
Breese-Jones & Gersdorff [1934] analysed various fractions produced in the peptic 
digestion of caseinogen, of which paranuclein was one: as prepared by them, it 
had a N/P ratio of 6, and showed several interesting changes in amino-acid 
composition from the original oaseinogen, markedly the absence of cystine. 

Certain work on the other phosphorus derivatives of caseinogen is also of 
interest. Salkowski [1901] prepared a “paranudeic acid” by precipitation of the 
digest liquor with ferric ammonium sulphate, which as finally purified had a N/P 
ratio of 3*1, and was predpitated by tannic and phosphotungstic acids though 
but slightly by trichloroacetic acid. Dietrich [1909], following up some work 
by Reh, obtained several phosphorus-containing peptides from peptic digests, 
which had N/P ratios varying from 0*45 to 1*75. A well-defined phosphopeptone 
of basic character was prepared by Rimington [1927] from tryptic digestion of 
caseinogen; it had a N/P ratio of 1*44 and gave no precipitate with phospho- 
tungstic or trichloroacetic add. Postemak [1927] has described a phosphopep¬ 
tone of N/P ratio 2; it appears to differ from any others described. Utkin [1936], 

1 The N/P ratios mentioned here are in every case those of absolute, not atomic proportion, 
calculated where necessary from the original data. 
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in an investigation of the rate of liberation of soluble phosphorus from caseinogen 
by pepsin, folds evidence suggestive of two different phases; the first concerns 
the liberation of 19-20 % of the material as a compound of N/P ratio 7, recalling 
paranuclein; the second phase is characterized by liberation of material of N/P 
ratio 3*5, which he considers may be related to Salkowski’s “paranucleic 
acid”. 

From the above it is obvious that there is no unanimity of opinion as to 
whether paranuclein is an individual substance, or what role it may play in the 
degradation of caseinogen. The following work was undertaken in the hope 
that time-course studies of its hydrolysis by enzymes and by alkali might 
throw some light on its nature. 

Experimental procedure. 

Preparation of paranuclein. 10 g. caseinogen (nach Hammarsten, N/P:17*25) were rubbed in 
a mortar with water until a fairly smooth paste was obtained. N HC1, 1*2 ml. per g. caseinogen, 
was then added gradually with constant stirring. The mixture was made up to 300 ml. and allowed 
to stand overnight in the refrigerator. At first, this solution was centrifuged and the supernatant 
liquor decanted; the residues were dissolved in a further 150 ml. water, filtered, and the filtrate 
added to the original liquor. Later, the more dilute solution was made up directly, it being found 
that any undissolved material disappeared during digestion before the paranuclein began to 
precipitate. 

2g. pepsin (B.D.H.), dissolved in 100 ml. water, were added to the above caseinogen solution 
and incubated at 37*5°. Simple measurements showed that the point of maximum precipitation 
occurred at the end of one hour. This was found to be fairly coincident with the point at which the 
precipitate began to settle into flakes [cf. Holter et al. 1932], and the latter was used as the end¬ 
point of the reaction. The precipitate was now centrifuged off, washed once with water, recentri¬ 
fuged, and dried in vacuo. The yield is just over 20%; the N/P ratio has been found to vary from 
7*1 to 8-8. 

* Time-course, of hydrolysis . 

1 °/ 0 NaOH . A weighed amount of paranuclein was suspended in water, immersed in the 
thermostat, and at a noted time N NaOH was added in the requisite quantity to give a final 
concentration of 1%. The paranuclein dissolved immediately. 5 ml. samples were removed at 
noted intervals and treated with an equal volume of trichloroacetic acid. The filtrate after precipi¬ 
tation and the residue of the original solution were then subjected to analysis for determination of 
acid-soluble and total N and P respectively. 

That no loss of N as ammonia occurred during incubation was established in the first experi¬ 
ment by the identity of values obtained for total N at the beginning and end of the incubation. 

Trypsin. A weighed amount of paranuclein (about 0*5 g.) was suspended in 20 ml. water and 
immersed in the thermostat. To it were added at a noted time 10 ml. of trypsin solution (Difco) 
and immediately sufficient JV/10 NaOH to give a faint pink with phenolphthalein. The mixture was 
then diluted to 50 ml. Samples of 5 ml. were removed at noted times, precipitated by trichloro¬ 
acetic acid and analysed. Noted amounts of Nj 10 NaOH were added during the incubation to 
maintain the pH at 8*5; it was felt that this procedure was preferable to the use of a buffer since 
salt effects might complicate the reaction. 

Pepsin . Preliminary experiments with dilute solutions of pepsin, similar to those with trypsiri, 
indicated that hydrolysis was extremely slow. With high pepsin concentrations measurable 
hydrolysis occurred, but the large values of the N and P of foe controls increased foe experimental 
error considerably. The data recorded for this enzyme are therefore limited to one experiment in 
which foe following method was used. 

5 g. pepsin (B.D.H.) were dissolved in 100 ml. JV/10 HOI; 50 mL of this solution were added to 
1 g. paranuclein, foe remaining 50 ml. served as control. Samples were taken only (a) as soon as 
possible after foe addition of foe enzyme and (b) after 20 hours’ incubation; foej^were precipitated 
and analysed in the usual way. 
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Papain . The literature is rather contradictory with regard to the optimum pH for papain 
action. Plimmer & Bayliss [1905] used it in slightly acid or neutral medium on caseinogen. Will- 
statter & Graesmann [1924; 1926,1, 2] found an optimum pH for various proteins corresponding in 
each case to the isoelectric point. The presence of certain salts has, however, an important effect 
[Ringer, 1935]. Further complications arise when the use of activators is considered. 

Preliminary experiments with eitrate-NaOH buffers at different pH values showed that maxi¬ 
mum activity was obtained at pH 6-7, and that the enzyme was sufficiently active for the purpose 
without the use of an activator. One experiment with the addition of an activator was however 
carried out for comparison. The final procedure was as follows. 

Approximately 0*5 g. paranuclein was suspended in 30 ml. water and 15 ml. citrate buffer 
pH 6*7 were added. After 5 min. immersion in the thermostat, 5 ml. enzyme extract were added; 
the extract was prepared by allowing 1 g. papain powder (B.D.H.) to stand overnight at 0° with 
10 ml. water, centrifuging and decanting, the liquor being diluted as required to give final concen¬ 
trations of approx. 1, 0*2 and 01 % papain. 

The experiment with 0*1 % papain was repeated with an enzyme extract which had been 
activated by cysteine hydrochloride, as described by Purr [1935]. 

All incubations were carried out at 37-5 ±0* 1 and the trichloroacetic acid was invariably used 
in 10% concentration. Nitrogen was estimated by micro-Kjeldahl and phosphorus by the Fiske- 
Subbarow method throughout. The values of N and P given in the tables have been corrected for 
the N and P of the enzyme solution present. It may be remarked incidentally that w r hilst pepsin-P 
was entirely’acid-soluble, papain-P was partially so and trypsin-P was entirely non-acid-soluble. 
In all cases, the N was partly acid-soluble. 

Three blank experiments w r ere also carried out—two in dilute NaOH at pH 8 in the absence of 
trypsin, and one in citrate buffer of pH 6-7 in the absence of papain. 


Results. 

Since the results of the blank experiments play a large part in the inter¬ 
pretation of the enzymic hydrolyses, they are given first in Table I, Exps. 1,2,3. 


Table I. 


Exp. 

Total N/5 ml. 
Total P/5 ml. 
N/P ... 


Time 

5 min. 
15 
30 

1 hr. 

2 

3 

4 
7 


r~ .— •' 

1 

9*26 mg. 
0-842 mg. 
8-6 


% acid-soluble 

* 


N 

P 

39-3 

35*6 

39*7 

35-9 

40*0 

36-9 

41*5 

37*1 


2 

6*30 mg. 
0*786 mg. 
8-0 


% acid-soluble 


N 

P 

40-5 

35*6 

41-1 

36-0 

41-6 

36*5 

42-2 

36-5 


pH 6-7 (citrate) 
3 

6*59 mg. 
0-842 mg. 

7-8 


% acid-soluble 


f N 

P 

39-5 

39-0 

42*9 

40-4 

46-6 

42-5 

48-1 

44*9 

49*2 

46*0 

51-1 

48*9 


From them, the surprising fact emerges that about 40 % N and 35 % P are 
already soluble in trichloroacetic add. No appreciable further hydrolysis occurs 
at pH 8; at pH 6-7 there is a slight further hydrolysis. 

Omitting further consideration of this point for the moment, it is obvious 
that enzymic digestion of paranuclein as followed by the action of trichloroacetic 
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acid will show only the rate of digestion of the insoluble fraction of the para- 
nuclein. This fact is, indeed, confirmed by the time curves of enzymic hydrolyses 
given below, since the best-fitting curves to the gross amounts of acid-soluble 
and P (with the exception of pepsin) cut the ordinate at values approximating 
those obtained in the blank experiment. 


Digestion with 1 °\ 0 NaOH. 

The individual results of this series are shown in Table II and Exp. 4 is 
depicted graphically in Fig. 1 (upper pair of curves). 


Table II. 


Exp. 

Total N/5 ml. ... 
Total P/5 ml. ... 
N/P . 

4 

6*04 mg. 

0-746 mg. 

8-1 

% acid-soluble 

A_ 

5 

6*67 mg. 

0-777 mg. 

8-6 

% acid-soluble 

_A_._ 

6 

6-13 mg. 

0-700 mg. 

8-8 

% arid-soluble 

_A_ 

Time 

r 

N 

P 

f - 

N 

P 

( - 

N 

-> 

P 

2 min. 

533 

37-5 

43-9 

30-3 

47-8 

303 

15 

63*9 

500 

51-7 

34-1 

56-9 

41-3 

30 

66-7 

55*6 

56-1 

41-3 

59-7 

51-4 

1 hr. 

72-3 

70-5 

59-5 

49-0 

— 

— 

1-75 

791 

83-4 

64-8 

63-5 

— 

— 

2-5 

80-0 

91-6 

— 

— 

69-3 

62-3 

4-5 

— 

— 

76-8 

78-3 

— 

— 

*7 

80-0 

99-9 

79*3 

83-4 

75-5 

75-4 

24 

81-0 

101-6 

— 

— 

77-6 

79-6 

72 

82-8 

103-2 

— 

— 

83-4 

87-6 


* 6 hr. in the case of Exp. 1. 



Fig. 1. Action of 1 % NaOH. N' and P' represent the hydrolysis of 
the originally acid-insoluble material. 
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Digestion by trypsin. 

The results with various enzyme concentrations are shown in Table III and 
Exp. 9 in Fig. 2 (upper pair of curves). 

Table III. 


Exp. 7 8 

Final trypsin couc. ... 01% 0-02% 

Total N/n nil. 8-70 mg. 7*30 mg. 

Total P/5 ml. M 4 mg. 0993 mg. 

N/P . 7*7 7*4 


9 10 11 

002% 0-004% 0-004% 

7-23 mg. 4-70 nig. 10-32 mg. 

0-937 mg. 0-624 mg. 1-197 mg. 

7-7 7-6 8-6 


% acid-soluble 

A 


Time 

' N 

P 

5 min. 

81-3 

83-3 

15 

92-5 

1009 

30 

98-3 

102-7 

45 

— 

— 

1-25 hr. 

98-5 

103-5 

2 

— 

— 

3 

— 

— 


% acid-soluble 

% acid-soluble 

i - 

N 

- \ 

P 

t - 

N 

-1 

P 

53-J 

39-2 

45-1 

42-3 

703 

09-6 

77-6 

708 

78-5 

906 

82-9 

903 

83-4 

98-0 

902 

96-6 

93-9 

97-8 

97-5 

99-0 

98-0 

96-6 

— 

— 

99-6 

99-9 

1000 

99-8 


% acid-soluble % acid-soluble 


N 

P 

' N 

P 

49-0 

43-8 

5 22 

28-0 

61-1 

55-5 

60-6 

33-1 

75-2 

69-1 

67-7 

42-4 

84-1 

87-2 

71-8 

52-5 

87-6 

94-1 

78-1 

62-3 

91*4 

96-5 

— 

_ 

98-1 

102-4 

87-3 

77-5 



I 2 3 


Hours 


a. Action of 0*02 % trypsin. N' and P' represent the hydrolysis of 
the originally acid-insoluble material. 
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Digestion by pepsin. 

The results of the single experiment with pepsin are given in Table IV. 

Table IV. 


Total N/5 ml. 13-4 mg. 
Time 
2’min. 
20*hr. 


Exp. 12 

Total P/5 ml. 1*74 mg. N/P, 7-7 

% acid-sol. N % acid-sol. P 

19-4 20-2 

77-6 71*3 


Digestion by papain . 

The effects of three different concentrations of papain are shown in Table V 
and Exp. 15 in Fig. 3 (upper pair of curves). Exp. 16 of this group was analogous 
to Exp. 15 but before incubation the papain was activated by cysteine HC1. 


Exp. 

Final papain con 
centration 
Total N/5 ml. . 
Total P/5 ml. 
N/P 


1 * 0 % 

6- 54 mg. 
0*905 mg. 

7- 23 


Table V. 

14 

0 - 2 % 

6*18 mg. 
0*806 mg. 
7*7 


<H% 

6*47 mg. 
0*860 mg. 
7*5 


6*05 mg. 
0*811 mg. 
7*5 


% acid-Boluble % acid-soluble % acid-soluble % acid-soluble 


Time 

N 

P 

N 

P 

N 

P 

N 

P 

1 min* 

45*4 

41*8 

45*0 

39*0 

45*8 

39*2 

49*6 

51*1 

15 

86*2 

75*4 

56*1 

46*2 

51*3 

45*8 

76*0 

82*6 

30 

94*2 

85*3 

70*7 

62*4 

55*0 

52*7 

84*3 

93*0 

45 

95*3 

86*5 

— 

— 

— 

— 

— 

— 

1 hr. 

96*2 

89*1 

81-2 

74*8 

59*7 

59*1 

87*1 

97*9 

2 

98*9 

90*4 

86*2 

79*3 

66*3 

66*0 

90*9 

99*0 

3 

101*5 

93*5 

91*3 

83*8 

— 

— 

— 

— 

4 

— 

— 

98*1 

86*9 

78*2 

80*0 

96*4 

101*9 

7 

— 

— 

— 

— 

90*0 

90*7 

100*8 

101*6 



Fig. 3. Action of 0*1 % papain. N' and P' represent the hydrolysis of 
the originally acid-soluble material. 

From these results it will be seen that the preformed acid-soluble material 
is present to approximately the same extent in all but Exp. 12 with pepsin. To 
arrive at the changes due to enzymic hydrolysis, it is therefore justifiable to 
deduct from the gross values the values of the blank experiments giv^n in Table I. 
the nett values so obtained are illustrated in the lower pair of curves in each graph. 
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By this deduction, the crossing of the curves in the tryptic hydrolysis is 
entirely removed; with papain the crossing is much less marked and may be due 
to experimental error involved in estimating the small quantities of acid-soluble 
N and P in the early stages; with 1 % NaOH however the crossing involves 
larger values than are probably explicable in this way. In general, with both 
trypsin and 1 % NaOH, the P is more rapidly liberated in acid-soluble condition 
than the N. The experiments with 1 % NaOH disclose the existence of a residue 
containing some 20 % N and no P which is resistant to the action of alkali. 

With peptic hydrolysis, there is again evidence from the early samples of the 
existence in the solution of preformed acid-soluble N and P, but in much smaller 
amounts than in the trypsin or papain hydrolysis—about 20 %. At first, this was 
assumed to be due to the acid reaction but, as will be shown below, the behaviour 
of paranuclein in the presence of pepsin is peculiar. Since, however, the amounts 
of preformed N and P are practically identical, their deduction would not in¬ 
fluence the relative positions of the N and P curves, and it may be definitely 
stated that pepsin differs from the other hydrolytic agents in liberating acid- 
soluble N more quickly than P. 

With non-activated papain, there is little difference in the relative rates at 
which acid-soluble N and P are liberated. With the activated papain (Exp. 16), 
the rates of hydrolysis of both N and P are accelerated, particularly that of P. It 
is hoped to investigate this acceleration further. 

The most interesting disclosure is, however, the presence of a preformed acid- 
soluble fraction in the paranuclein, and we returned to a further investigation of 
its nature. The caseinogen itself was shown, as expected, to have no acid-soluble 
fraction, the results obtained being of the order of 0-002 % N and no detectable P. 
Experimentation was then directed towards discovering whether the two fractions 
of the paranuclein could be separated by simple solution at different pH values. 


Some- paranuclein was suspended in water in the thermostat and left for 30 min. to come to 
equilibrium. The pH of this suspension was 4-2. Samples of 5 ml. were then brought to different 
pH values by addition of HC1 or NaOH as required, the pH being controlled by indicators. After 
standing a further 30 min. in the thermostat, the samples were filtered without further treat¬ 
ment and the N and V of the filtrate determined (Exp. 17). 

Another series was treated in similar fashion, but before filtration 5 ml. trichloroacetic acid 
were added to each sample (Exp. 18). 

Table VI. 


Exp. 

Total N/5 ml. ... 
Total P/6 ml. ... 
N/P . 


17 18 

(Precipitated by trichloroacetic acid) 
5-89 mg. 7*36 mg. 

0-806 mg. 0-903 mg. 

7-3 8-2 


Filtrate Filtrate 


pH value 

%N 

%P 

%N 

%P 

2-0 

49*1 

42*4 

51-0 

48*9 

3-6 

44-5 

41-3 

45-9 

44-5 

4*2 

44-1 

42-7 

46-1 

44-0 

5*5 

70-3 

68-0 

47-8 

43-6 

7-0 

87-9 

88-8 

45-6 

43-4 

8*5 

04-4 

. 93-7 


— 


As the results show, separation of the paranuclein can be produced by mere 
adjustment of pH* The trichloroacetic add-insoluble fraction of paranuclein is 
also insoluble in aqueous solution at pH 4*2 and below; above this pH the solu¬ 
bility of the fraction rapidly increases until, at pH 8*5, the paranuclein is almost 
entirely soluble. 
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Although unconnected with the main argument, comment may be made on 
the fact that in Exp. 17 there is evidence of slight hydrolysis at pH 2. More 
important, there exists even at this pH a soluble fraction containing almost half 
of the N and P. Why, then, is the paranuclein precipitated at this pH during its 
formation by peptic digestion ? The original digestion mixture from which the 
paranuclein was prepared differed from that in Exp. 17 only in the presence of un¬ 
digested caseinogen, degradation products other than paranuclein and of pepsin. 
The influence of these materials was tested by precipitating paranuclein with 
trichloroacetic acid from solutions containing in addition (a) caseinogen and 
(6) pepsin. The final concentration of each was 1 %. There was no lowering in (a) of 
the acid-soluble material, but (b) showed a fall in soluble N to 25% in one case 
and 33*6 % in another, with comparable P values. It may be recalled also that in 
the original time-course experiments on peptic hydrolysis, in which 5 % pepsin 
was used, the immediately acid-soluble N and P were approximately 20 %. Ap¬ 
parently the mere presence of the pepsin preparation used influences the acid- 
solubility of the paranuclein. To complete the analogy with Exp. 17, another test 
was made on the effect of pepsin on the solubility of paranuclein as shown by 
simple filtration, no trichloroacetic acid being used. The soluble N amounted to 
37 %, the P to 30%. It is hoped to investigate this effect further. 

Returning to the question of the dual nature of paranuclein, from its physical 
behaviour the existence of two loosely bound fractions seems undeniable and at¬ 
tention was turned towards a possible chemical differentiation of these fractions. 

A suspension of paranuclein was filtered, and to the filtrate and insoluble 
residue the tests given below were applied; the two fractions were also combined 
with iodine according to the method of Blum & Strauss 11920] by solution in 
sodium carbonate and addition of a solution of iodine in potassium iodide. 

The results of the qualitative tests and the percentages of iodine bound are 


shown in Table VII. 

Table VII. 



Residue 

Filtrate 

Biuret 

Violet 

Violet 

Xanthoproteic 
Labile S 

+ 

+■ 

+ 

MUlon 


Very faint 

Glyoxylic 

+ 

Very faint 

Iodine % 

1030 

2619 


These results suggest a deficiency in the soluble material of tyrosine and 
tryptophan, and an absence of labile S. The power of combination with iodine 
also clearly distinguishes the two fractions. 

Discussion. 

The crossing of the original time-course curves for acid-soluble N and P is 
obviously mainly due to the fact that, in a solution of paranuclein, there exist 
already in add-soluble form considerable fractions of the N and P, approxi¬ 
mately 5 % more of the former than the latter. The deduction of this “preformed ” 
soluble N and P in all cases diminishes, and in some abolishes, the crossing of the 
original curves. It is possible that the slight degree of crossing which remains is 
in some manner due to experimental error. 

After correction of the curves by this deduction, they show that, in hydrolyses 
by alkali and trypsin, the P is liberated in add-soluble form moretapidly than 
the N. With pepsin, the reverse holds, so that its mode of attack on the substrate 
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must be different. Similar findings were obtained by Stirling & Wishart [1932] 
for the peptic and tryptic digestions of caseinogen. Furthermore, digestion of 
paranuclein by trypsin is very rapid, that by pepsin very slow. Papain takes an 
intermediate place both in regard to activity and the relative rates of N and P 
liberation; the acceleration on activation is rather strikingly greater for P 
liberation than for N. The action of NaOH differs however from that of the 
enzymes in leaving unattacked a fraction of the paranuclein containing some 
20% of the original N and no P. 

The most important disclosure from these time-course experiments was the 
indication they gave of the existence in paranuclein of two fractions: and the 
question of the constancy of composition of this substance is reopened. There 
seems little doubt from a study of the literature that the total amount of para¬ 
nuclein produced is dependent on the experimental conditions, though there is 
equally little doubt that under similar conditions a fairly constant product is 
obtained. Linderstrom-Lang and his co-workers find their paranuclein to contain 
2/3 to 3/4 of the total caseinogen phosphorus, and to have a N/P ratio of 8. 
Breese-Jones & GersdorfTs product contained about 1/3 of the caseinogen 
phosphorus and had a N/P ratio of f>. Our own experience is similar to that of 
Breese-Jones & Gersdorff with regard to phosphorus content, but the average 
N/P ratio of our preparations is in the neighbourhood of 8. It is quite possible 
that the lower ratio of their material is due to the repeated washing of the 
centrifuged precipitate, thus removing a certain amount of material of higher 
N/P ratio, that which we have found acid- and water-soluble. 

The variations in phosphorus content do not invalidate the hypothesis that a 
single substance is being formed, and this hypothesis is supported by the com¬ 
parative constancy of composition of the samples prepared by Linderstrom-Lang 
and co-workers from widely different preparations of caseinogen. On the other 
hand, the variations of composition found by the early workers led Robertson 
to suggest that paranuclein may be a complex of more than one substance, the 
components being precipitated together under the conditions of peptic digestion. 

The present results seem to point definitely to the latter conclusion, or at 
least to the existence of two loosely bound fractions, since on mere solution at 
different pH values almost half of the paranuclein is not precipitated by trichloro¬ 
acetic acid. Further, a quantitatively similar separation is effected by simple 
filtration of the suspension at acid pH values, and the fractions so obtained 
differ in their amino-acid composition and power of combination with iodine. 

But whilst it is clear that, in the paranuclein as separated from the original 
peptic digest, there are these two fractions, the fact that one of them is soluble 
in water at pH 2 is very difficult to reconcile with its appearance in insoluble 
form during peptic digestion. The necessarily low solubility of the paranuclein as 
originally formed can be reproduced to a certain extent, however, by the addition 
of pepsin to solutions of the separated and dried material, and three possibilities 
suggest themselves. First, the soluble material is precipitated in combination 
with a component of the commercial pepsin used; the combination of a com¬ 
ponent of the enzyme with one of its degradation products is well within pre¬ 
cedent. Second, the soluble material is liberated from the caseinogen in loose 
combination with the other, insoluble, fraction of the paranuclein; the very 
ready hydrolysis of this loose complex might then be reversed only by the 
synthetic action of pepsin, which would explain why the reversal obtained was 
never complete. Third, the paranuclein itself is a synthetic by-product of the 
original reaction; and we may refer again to the ready synthesis by Robertson 
[1907] of what he claimed was paranuclein. 
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With regard to the relation between paranuclein and the various other 
phosphorus-containing degradation products of caseinogen which have been 
described in the literature, nothing definite can yet be said. Presumably the rise 
in phosphorus content of paranuclein on prolonged peptic digestion noted by 
various workers is due to the loss of the fraction of higher N/P ratio which we 
have found water-soluble. 

It appears an attractive hypothesis that paranuclein is formed during tryptic 
digestion of caseinogen but does not become evident because of the alkalinity of 
the medium, and that Rimington’s phosphopeptone is one of its further degrada¬ 
tion products. The present findings, however, and the previous ones of Stirling & 
Wishart [1932] indicate that the modes of attack of pepsin and trypsin on cas¬ 
einogen are fundamentally different, and it becomes unlikely that paranuclein is 
formed by trypsin. At the same time, it cannot be denied that phosphopeptone 
may have analogues in peptic digestion; this is suggested in fact by Dietrich’s 
finding of acid peptones of N/P ratio similar to that of phosphopeptone during 
peptic digestion. 

Similarly with the “paranucleic acid” prepared by Salkowski [1901] and 
believed to have been obtained also by Utkin, the relation between these products 
and paranuclein will not be clarified until they have been prepared by digestion 
of paranuclein itself, or isolated from a caseinogen digest from which all para¬ 
nuclein has been previously removed. 

Summary. 

Time-course studies are reported of the rate at which the N and P of para¬ 
nuclein are rendered soluble in trichloroacetic acid by the action of pepsin, 
trypsin, papain and 1 % NaOH. The commercial preparation of papain is in¬ 
termediate in action between pepsin and trypsin; the fully activated form is 
different. The action of 1 % NaOH discloses the existence of a nucleus containing 
20 % of the paranuclein N and no P, which is resistant to alkaline hydrolysis. 

These time-course studies indicated in addition that paranuclein contains 
at least two fractions. This was confirmed by the finding of differences in physical 
behaviour, in amino-acid composition and in iodine-combining power of the two 
fractions. 

To Prof. Wishart, I wish to record my gratitude for his unfailing interest and 
helpful advice during the course of the investigation. This work was performed 
during the tenure of the Barbour Scholarship of Glasgow University. 
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ASCORBIC ACID CONTENT. 

By GRACE MEDES. 

From the Lankenau Hospital Research Institute , Philadelphia , Pennsylvania . 

(Received 20 June 1936.) 

Since publication of the method for the determination of ascorbic acid in urine 
with phospho-18-tungstic acid [Medes, 1935], special difficulties attendant upon 
its use in urines of extremely low ascorbic acid content have been pointed out 
to the author by Dr J. C. Andrews and by Dr G. A. Harrison, for whose 
suggestions she would like to express her appreciation. 

1. Colour. Urines containing as little as approximately 4xl0“ 4 g. mol. 
ascorbic acid per 100 ml. develop a blue colour with phospho-18-tungstic acid of 
such intensity that the yellow colour of the urine does not usually interfere in 
the colorimetric determinations. When, however, the ascorbic acid content falls 
greatly below this figure, the urinary pigments may predominate to such an 
extent that a pale yellowish green colour results. The difficulty may be met by a 
number of devices. 

(a) When the interference is slight, the colour of the standard may be slightly 
altered by the introduction of a few drops of one of the indicators w r hich are 
yellow in acid solution, such as bromophcnol blue, as suggested by Shinohara & 
Padis [1936]. This method necessitates a series of standards containing graded 
amounts of the indicator. When the colour is a greenish yellow, such large 
amounts of the indicator must be added that an appreciable error is introduced, 
and this method cannot be employed. 

(h) A colour filter (Monochromat Wratten No. 75, Eastman Kodak Company) 
in the ocular of the colorimeter, employed by Dr Andrews, proved satisfactory in 
a series of testa made by the author. 

(c) Backing the standard by urine, diluted similarly to that in the test 
solution. In the author’s laboratory, the McClendon compensating cups for 
hydrogen ion determinations are employed in routine determinations made 
directly on urine. The only precaution to be observed is that the standard and 
unknown must be of approximately the same intensity; otherwise satisfactory 
compensation is not attained. 

2. Cloudiness of the urine . In urines extremely low in ascorbic acid a faint 
cloudiness frequently develops when the uric acid reagent is added (Andrews 
and Harrison, private communications). No explanation is offered for this pheno¬ 
menon. Neither the author nor the investigators mentioned above have observed 
its occurrence in urines containing more than a trace of the vitamin. According 
to Harrison, some of these specimens fail to clear on centrifuging. Accurate 
readings cannot be secured in the colorimeter, values as high as ten times those 
determined by the titrimetric method being obtained. The colorimetric results 
in Table I are from determinations made by J. 0. and K. C. Andrews on un- 
oentrifuged specimens. 


( 1753 ) 
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Table I. Comparison of the determination of ascorbic acid in 4 samples of urine 
with phospho-18-tungstic acid and by titration with dichlorophenolindophenol. 


Colorimetric method Titration method 


t ~ " 

Av. value 

Av. 

Max. 

/ - 

Av. value 

Av. 

Max. 

g. mol. x 10“*® 

deviation 

deviation 

g. mol. x 10~® 

deviation 

deviation 

per 100 ml. 

0 

O 

O/ 

/O 

per 100 ml. 

0/ 

/o 

% 

4-92 

14*0 

21*0 

5*13 

10*9 

17-4 

12-7 

9*3 

1(5-2 

14-(> 

9*7 

21-2 

21*7 

2*6 

4*4 

27*3 

7*0 

15*4 

39-7 

1*5 

2*5 

37*9 

51 

9*3 


In the author’s laboratory 100 specimens were investigated, all those giving 
more than a faint green colour with the reagents being rejected. About half of 
those selected showed faint cloudiness and 25 with appreciable cloud were 
retained for further study. To each one the reagents were added, the specimen 
was transferred immediately to the centrifuge and centrifuged at highest speed 
for 15 min. while the colour was developing. In all cases a clear specimen was 
obtained. 

3. Time element in development of the blue colour with the uric acid reagent . In 
the original description of the phospho-18-tungstic acid method it was stated 
that readings in the colorimeter should be taken after 20 min. In many urines, 
colour continues to develop even after this period. This is not the case with pure 
solutions of ascorbic acid. In other urines, the colour remains constant from 
about 15 min. after the reagents are added up to several hours. It was con¬ 
cluded, therefore, that this persistent development of colour was not due to the 
ascorbic acid, but to some unknown factor and that the reading taken im¬ 
mediately at the close of the 20-min. period represents most nearly the true 
ascorbic acid value. 

It is not known to what factors this gradual increase of colour is due. Shino- 
hara [1935] investigated the effect on the uric acid reagent of a number of the 
normal constituents of urine, and although he found that several of them caused 
a slow appearance of colour, none produced an appreciable effect within 20 min. 
when present in physiological amounts. The author has extended these experi¬ 
ments, using varying combinations of these and other constituents, to determine 
how far their effects may be additive, but failed to account for the reaction. 
It seems possible that the urinary pigments, which probably have some reducing 
properties, may be at least partially responsible, since the phenomenon occurs 
most frequently in highly coloured urines. The precaution of taking the colori¬ 
meter readings at the close of the 20-min. period ±5 min. should therefore be 
observed for all urines. 

Accuracy of the method in urines containing small amounts of ascorbic acid. From 
a group of urines from the hospital wards, 4 were selected for comparison of 
the two methods, colorimetric and titration with dichlorophenolindophenol. The 
concentrations of ascorbic acid ranged from about 4*0 x 10~ 6 g. mol. per 100 ml., 
or approximately matching the 2 ml. standard, to 5-0 x 10~ e g. mol. per 100 ml., 
with Which a standard containing 0*5 ml. of 0-001 M ascorbic acid should be 
employed against 10 ml. of urine. Table I gives the average values obtained in 
a series of 5 consecutive determinations by each method, with the average and 
maximum deviations in each group, expressed in percentages of the mean. 

When about 5 x 10~ 8 g. mol. ascorbic acid was present, the maximum devia¬ 
tion from the mean was about 20 % by the two methods, the average deviations 
being 14 and 11% respectively. As the concentration of ascorbic acid was 
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increased, the error of a single determination decreased much more rapidly by 
the colorimetric than by the titration method, until when about 4 x 10~ 6 g. mol. 
ascorbic acid was present, the maximum deviations from the mean became 2*5 
and 9-3 % respectively. 

A further test of the relative accuracy of the two methods was performed by 
adding increments of standardized ascorbic acid to the urines employed above 
and determining the percentage recovery. When 5 ml. of 0-001 M ascorbic acid 
were added to 100 ml. of the urines with lowest vitamin content, the average 
recovery ranged between 95 and 106 %, with average deviations approximately 
agreeing with those in the table for the corresponding urines. When 1 ml. of 
0*01 M ascorbic acid was added to 100 ml. of the same urines, the recovery 
averaged 99 ± 5 % by the colorimetric and 104 ±11 % by the titration method. 

In other words, with extremely low concentrations of ascorbic acid the two 
methods are about equally accurate in the hands of the present investigator, 
and with concentrations of ascorbic acid which give rise to a blue colour with the 
phosphotungstie acid reagent, the colorimetric becomes the method of choice. 

Summary. 

In using the phospho-18-tungstic acid method for the determination of 
ascorbic acid in urine, special precautions must be employed for urines with very 
low ascorbic acid content. 

Suggestions art' offered for compensation for the yellow colour developed 
when the urinary pigment interferes with comparison of standard and unknown. 

The cloud which frequently develops in these urines may be removed by 
centrifuging. 

Readings in the colorimeter should be taken within 20 ± 5 min. 

In a series of tests on urines with low r ascorbic acid content, the colorimetric 
and titration methods are of about equal accuracy. With urines of higher 
ascorbic acid content, the colorimetric method gives more highly accurate 
results. 
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Thb preparation of diphtheria toxin on a large scale is, in spite of the numerous 
investigations which have been carried out on this subject, still a very uncertain 
operation. Without doubt the cause of this must be sought to a considerable extent 
in the fact that the usual culture media are of a very complicated nature and 
always contain besides the simple compounds such as sugars, inorganic salts etc., 
meat extract and one or other of the various kinds of peptone. 

Most of the experiments on the dissimilative metabolism of C. diphtheriae 
mentioned in the literature have been carried out on media of much simpler 
composition. 

It is a striking fact, however, that in all these experiments little or no 
attention is paid to the formation of toxin as such. Only a few investigators make 
any mention of this, yet as a rule the quantity of toxin formed is so small as to 
be of no practical value. 

In both the older and the more recent literature there is a very large number 
of communications in which different “routine ” culture media are described and 
attention is drawn to some of the important factors affecting toxin formation. 
The older literature is conveniently summarized in the monograph “Diphtheria” 
published by the Medical Research Council [1923]. After an extensive discussion 
of all the data then available the authors come to the conclusion: “ At the moment 
it is only by adhering rigidly to certain formulae of technique that one may hope 
to arrive at a satisfactory produot and, even with the most careful work and 
attention to detail, some batches of toxin do not come up to the standard of 
potency demanded by the maker of antitoxin. Certain factors are still beyond 
control, and until these are elucidated, the problem of making toxin on an en¬ 
tirely satisfactory basis will not be solved.” 

In spite of the very great amount of work which has been carried out on this 
subject since 1923,- the verdict pronounced above still holds in its entirety. 

A very extensive study on the formation of toxin was earned out by Pope 
[1932]. He started from a so-called “semi-syiithetic” medium, in which Difoo- 
proteose-peptone was employed as the source of nitrogen in conjunction with a 
few inorganic Salts. Various sources of carbon such as sugars, organic acids etc., 
were added to a relatively simple “standard solution” and the effects of these 
additions on the formation of toxin investigated. Further attention must be 
drawn to a publication by Strom [1935]. This investigator examined the influence 
of various substances, when added to a simple stook solution, on the course of pH 
and the formation of toxin after inoculation with a diphtheria culture. The 
problem of the biochemistry of toxin production will be elucidated only when the 
following conditions are fulfilled. 

1. The “stock solution ” used must be as simple as possible; for this purpose 
the “semi-synthetic” medium described by Pope is eminently suitable. 

( 1756 ) 
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2. An attempt must be made not only to obtain a qualitative, but as far as 
is possible, a quantitative idea of the processes involved. 

3. The experiments must be carried out in direct connexion with toxin 
formation. Thus a medium of simple composition may be chosen, but a definite 
amount of toxin must be formed in this medium during incubation after inocu¬ 
lation with a diphtheria culture. Experiments in which no toxin is formed may 
of course be of value as supplementary evidence or as controls, but they are not 
essential. 

In this communication we shall describe our experiments on the questions 
how rapidly sugars (glucose and maltose) are decomposed by diphtheria bacilli 
when added to a simple culture medium, and how this decomposition affects pH 
and the formation of toxin. 


Method of experiment . 

As culture medium use was made of the “semi-synthetic” medium of Pope, 
having the following composition: 


Magnesium sulphate <MgS(> 4 , 7H t O) 
Calcium chloride (CaCl t , 6H 2 0) 

0-2 g. 

01 g. 

Sodium phosphate (Na 2 HP0 4 , 2H t O) 

l«g. 

Potassium phosphate (K 2 HP0 4 ) 

10 g. 

Glacial acetic acid 

30 ml. 

Difeo proteose-peptone 

200 g. 

Diat-iUed water 

1000 ml. 


All the constituents were dissolved without heating, pH was adjusted to 8 
with 25 % NaOH solution and the sugar (glucose or maltose) added. The result¬ 
ing solution w as then filtered through paper and sterilized by filtration through 
a Seitz Ent keimungs-filter. 

Culturing was carried out in large Fernbaeh flasks, having a diameter of 
40 cm. and a height of 7 cm. Tw o litres of liquid culture medium were used in 
each flask. The liquid layer had a thickness of 2 cm. so that there was a very 
favourable ratio between surface and the thickness of the layer. The very wide 
necks of the flasks were closed by means of cotton-wool plugs carrying a tube 
about 12 mm. in diameter. After the desired quantity of sterile liquid had been 
introduced into the flask, this tube was closed by means of a rubber stopper 
through which a glass siphon tube passed. By means of this tube, fitted with a 
rubber tube, pinchcock, and glass protector, a sample could be taken at any 
desired time under sterile conditions. The sterility of the solution was checked 
by incubating the medium for two or three days before inoculating. 

The strain used was the well-known Park-Williams 8, which is regularly used 
in this laboratory and which we obtained initially from Tomesik. A day before 
the experiment, the strain was subcultured into fresh Ldffler serum tubes and the 
24-hour old culture suspended in salt solution and inoculated into the various 
flasks. Incubation took place at 35-36°. 

Sampling was carried out as follows. First of all about 8 ml. of liquid were 
collected in a sterile measuring cylinder (10 ml. capacity) and, this being the 
volume of the siphon, it was thrown away. The necessary amount of liquid was 
then siphoned into a larger sterile measuring cylinder. 

The following points may be mentioned as regards the methods of analysis. 
The glucose and maltose determinations were carried out by the method of Luff 
described in detail by Schoorl [1929; 1930], after the peptone had been precipi¬ 
tated with phosphotungstic acid [see Seibert, 1926; Tasman & Pot, 1934]. T3ie 
2 % peptone solution used showed a very small amount of reduction with the 

Btochem. 1936 xxx 113 
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sugar test solution, which was included in each determination as a blank 
correction. 

The pH was determined with a hydrogen electrode against a saturated calomel 
electrode, in an apparatus as used by Smit [1928]. 

The formation of toxin was examined by means of Ramon’s [1923] floccula¬ 
tion test carried out at 50° and expressed as ^ f , determined against a serum 
dilution containing 100 antitoxin units per ml. By making use of 5 ml. quantities 


of toxin in each flocculation tube, a difference of 0*2 in the value can be 
determined with certainty for values of ^ below 3. 


All the experiments described in this paper were carried out at least in 
duplicate. Taken on the whole, the agreement between parallel experiments was 
very good. Only one experiment of each type is quoted. 

In the first place, the above-mentioned values were determined ip the Pope 
bouillon containing sodium acetate formed during the neutralization of the acetic 
acid. The results are given in Fig. 1. 



Fig. 1 (Exp. 1). Pope medium with acetate and 0*2% glucose. A, Glucose; B, pH; C, 1/Lf. 

From these results it appears that the glucose disappears from the liquid in 
about 34 hours, whilst the formation of toxin begins before this time. The forma¬ 
tion of toxin takes place at a practically constant rate until the maximum is 

reached, and after this time no further increase in the value occurs. In all 

our experiments we have noted the same behaviour. In the early stages, the 
hydrogen ion concentration follows the decomposition Of the sugar. As soon as 
the latter has disappeared, the well-known reversal occurs, the pH rises, rapidly 
at first and then more slowly. A possible explanation of this behaviour will be 
referred to later. 

In order to study the effects of the acetate and the glucose present in the first 
experiment separately, two experiments were carried out in whiim either the 




METABOLISM OF C. DIPHTHERIAE 1759 

acetate or the glucose was left out. The results of these experiments are collected 
together in Figs. 2 and 3. 

A comparison of Figs. 2 and 3 with the graph in Fig. 1 shows that the decom¬ 
position of glucose in the second experiment, in spite of the absence of acetate, 




Fig. 2 (Exp. 2). Popo medium with 0*2% glucose, without acetate. A, Glucose; B, pH; C, 1/Lf. 
Fig. 3 (Exp. 3). Pope medium with acetate, without glucose. A, pH; B, 1/Lf. 

takes place with practically the same velocity as in the first experiment. In this 
case again, the formation of toxin commenced before the glucose had completely 
disappeared from the solution, but in Exp. 2, and to a more marked degree 
in Exp. 3, the amount formed was considerably less than in Exp. 1. The 
pH curve in Exp. 2 is similar in form to that in Exp. 1. In Exp. 3, the small 
decrease in pH at the beginning is probably due to the removal of traces of 
carbohydrates, which are present in the usual brands of peptone and which cause 
the formation of small amounts of acid by their decomposition. 

To complete this series Exp. 4 was carried out in which the additions of both 
acetate and glucose were omitted. The result is given in Fig. 4. 

As regards the formation of toxin, this is again much less than in any of the 
previous experiments. With regard to the course of pH, especially the small de¬ 
crease at the beginning of the experiment, the same remarks apply as in Exp. 3. 

Since it appeared from various preliminary experiments wdiich we carried 
out, in agreement with most of the data in the literature, that the optimum 
concentration of glucose was 0-2 %, it was of interest to try the effect of increasing 
the amount of glucose. Exp. 5 was therefore carried out with 0*5% glucose 
(Fig. 5). 

Although the diphtheria bacteria are able eventually to decompose this 
relatively large amount of glucose, the pH falls so much that, when all the glucose 
has disappeared from the solution, the conditions are too unfavourable for further 
development, so that there is no longer a question of pH reversal. Toxin is formed 
only in very small quantities and, as the high degree of acidity indicates, is 
destroyed as the experiment continues; at least it can no longer be determined 
by the flocculation test. 


113—2 




1760 


A. TASMAN AND A. C. BRANDWIJK 


In recent years, the use of maltose instead of glucose in diphtheria culture 
media has been stressed more and more. In general, better results are obtained 
than was previously the case with glucose. Strom and others are of the opinion 
that the reason for this is that the maltose will be slowly converted into glucose, 
so that the diphtheria bacteria have ample opportunity for acting further on the 
decomposition products of glucose, whilst a smaller decrease in pH occurs. At 
the same time the growing culture is in contact with a small amount of glucose 
for a longer time. 

Since preliminary experiments had indicated that the diphtheria bacteria 
could tolerate a concentration of 1 % of maltose in the Pope medium, Exps. 6 and 
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Fig. 4 (Exp. 4). Pop© medium without acetate and without glucose. A, pH ; B, l/Lf. 

Fig. 6 (Exp. 5). Pope medium with acetate and 0 5% glucose. A, Glucose; B, pH; 0, l/Lf. 

7 were carried out in which 1-0 % and 0-3 % respectively of maltose were added 
to the medium. This latter concentration was chosen in connexion with a routine 
medium to which a similar quantity of maltose is added (see Figs. 6 and 7). 

The maltose used was, with one exception (Exp. 6), supplied by the firm of 
Hoffmann La Roche & Co., Basel, and had the following characteristics: colour: 
white; solubility in water (1:1) .-complete; reaction to litmus: neutral; ash con¬ 
tent: trace; [aJJT (c=5*0% in water): 128-4° (lit. 128*5°). No glucose could be 
detected in a 10 % solution of this sugar by inoculation with a thick suspension 
of Torula monosa [Kluyver, 1914]. 

From a consideration of the figures, it follows directly that maltose is de¬ 
composed only very slowly and also that it never disappears completely from 
solution. The reason for the latter phenomenon must be left undecided for 
the moment. The pH decreases relatively little and then slowly rises. More 
remarkable in this connexion is the second rise in pH, which occurs after about 
220 hours in Exp. 6. We have established that this is not fortuitous by various 
control experiments. If 1 % of maltose is added, the concentration falls almost 
linearly over a considerable period of time until, after about 170 hours, the fall 
becomes slower. The addition of maltose instead of glucose to the culture medium 
greatly favours the formation of toxin. This is most striking in Exp ? 7 with 0*3 % 
of maltose. Further, it should be noted here, that the experiments with 0*3 % of 
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maltose gave a more regular and consistent production of toxin than those with 
1 % of this sugar. 

Since the diphtheria bacterium is able on the one hand to decompose not 
more than 0*2% of glucose without deteriment to the formation of toxin, yet 
on the other hand can decompose 1 % of maltose quite smoothly, the question 



Fig. 6 (Exp. 6). Pope medium with acetate and 1% maltose. A, maltose; B, />H; C\ 1 Lf. 



Fig. 7 (Exp. 7). Pope medium with acetate and 0*3% maltose. A, maltose; B f pH; C, 1/Lf. 

arises as to what the power of decomposing so much more maltose must be 
ascribed. Strdm’s opinion on this question has already been stated (p. 1760). 

On the grounds of the ratio 0*2 % glucose: 1 % maltose, it may be supposed 
that the decomposition of glucose can proceed five times as rapidly as its forma¬ 
tion from the mother substance, maltose. It appeared to be of interest to test 
this hypothesis experimentally by measuring the ratio of the two velocities more 
accurately. For this purpose Exp. 8 was carried out. To a stock solution contain¬ 
ing acetate, 0*2 % of glucose was added to one half and 0*2 % of maltose to the 
other. Each solution was then divided between two flasks (each of two litres 
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capacity). At definite times the sugar content was determined in all four flasks; 
in these experiments the pK and ^ determinations were omitted. The results are 

given in Pig. 8, with regard to which it should be mentioned that the relative 
concentrations of maltose and glucose shown are the means of the separate 
values in the duplicate experiments. 

The ratio of the velocities of the decomposition of glucose and the hydrolytic 
fission of maltose was now derived graphically as follows. The decomposition of 
glucose takes place during the interval of time between 15 and 35 hours after 
inoculation (i.e. the steepest part of the curve) with practically constant velocity. 
Thus this occurs between the points A and B. During this period, the relative 
concentration of glucose falls from 95% to 12 %i.o. by 83%. During the same 
interval of time, the concentration of maltose falls from 94% to 81 %, i.e. by 
13% between the points C and D. Thus roughly, the ratio of the velocities can 
be calculated as 83/13 = about 6. In other words, the amount of glucose formed 
by the hydrolytic fission of maltose is decomposed six times more rapidly than 
it is formed from maltose. This result agrees very well with the ratio figure > 5 
obtained above from very superficial considerations. 
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Fig. 9. 


Fig. 8 (Exp. 8). Pope medium with acetate and 0-2% glucose, or 0-2% maltose. A, Glucose; 
B, maltose. 

Fig. 9 (Exp. 9). Pope'medium with acetate and 0-2% glucose. Proteose-peptone substituted by 
Witte peptone. A, Glucose; B, pH; C, 1/Lf. 


On the grounds of these facts we should not expect to he able to detect 
glucose along with maltose during the incubation of substrates to which maltose 
has been added. 

We repeated an experiment with the Pope medium containing 1 % of maltose 
besides acetate. Samples of 500 ml. were taken after 9, 21 and 312 hours’ 
incubation and each evaporated on the water-bath to ten times the initial 
concentration. The latter solutions contained 9*17, 8*60 and 1*76% of sugars, 
respectively, calculated as maltose. Dr L. H. C. Perquin very kindly tried under 
the supervision of Prof. A. J. Kluyver to determine biochemically any glucose 
present along with the maltose but was unable to do so. To both these gentle¬ 
men we wish to take this opportunity of expressing our heartiest thanks for 
their collaboration, 
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So far, these substrates have all contained the same source of nitrogen, 
namely, Difco-proteose-peptone. It was important to try other sources of 
nitrogen in this investigation. In the first place (Exp. 9, Fig. 9), we chose the 
well-known brand of Witte peptone of Rostock for this purpose. The media 
prepared for these experiments had exactly the same composition as the Pope 
medium, except that 2% of proteose-peptone was replaced by 2% of Witte 
peptone. 

The poor growth and small film formation were striking. This brand of 
peptone, although fairly generally used previously for the preparation of 
diphtheria culture media, is very poorly suited for use as the sole source of nitro¬ 
gen and stands in this respect very far behind Difco-proteose-peptone. Quanti¬ 
tatively this shows itself in a considerably reduced and very slow decomposition 
of sugar. Also the pH falls slowly and shows only a very feeble reversal. The 
formation of toxin is extremely small, but it is worth noting that, even in this 
experiment, the formation of toxin begins before the glucose has completely 
disappeared from the solution. 

Finally two other culture media were examined in this investigation 
(Exps. 10 and 11, Tables I and II), which for convenience will be called by the 
names under which they are known in our Institute. The Toracsik medium is 
prepared chiefly bv the well-known recipe of Martin, meat extract -f peptone from 
pig’s stomach with the addition of 0-5 % of sodium acetate and 0*2 % of glucose, 
pH 7*6, whilst the Bandoeng medium differs from the one just described only in 
a few minor particulars, except that in place of 0*2 % of glucose, 0*3 % of maltose 
is added, pH 8. Since these results give graphs, which are almost identical with 
those in Figs. 1 and 7, the latter may be referred to in this case. 

It appears that these experiments agree very closely with the corresponding 
experiments using the original Pope medium and 0*2 % of glucose and 0*3 % of 
maltose,respectively (see Figs. 1 and 7), and therefore call for no further comment. 

A summarized version of the results is given in Table III. 


Discussion. 

It appears that the diphtheria bacteria are able to decompose glucose com¬ 
pletely at a maximum concentration of 0*6%, whilst maltose never disappears 
completely from the substrate. It is difficult to see the reason for this pheno¬ 
menon. In spite of satisfactory growth at the beginning and during the first 
few days of the experiment, at a certain time a retardation or cessation of meta¬ 
bolism occurs, and the sugar still present is decomposed no further. Possibly 
factors connected with the nitrogen metabolism play a part here. However, 
until more data on this subject are forthcoming, there is little more to say. 

As regards the velocity of decomposition of glucose, this appears to be 
practically independent of whether or not acetate is present, but depends far 
more on the nature of the source of nitrogen present. In this connexion, a 
combination of meat extract-f pig’s stomach peptone as used in the Tomcsik 
medium, is practically of equal value to the Difco-proteose-peptone used in the 
Pope medium. Witte peptone, however, which gives a very poor growth and so 
brings about a very slow decomposition of the sugar, behaves quite oppositely. 
The fact that the sugar in a Pope medium with 0*5 % of glucose is decomposed 
rapidly at first but later is completely used up only slowly, is probably due entirely 
to the high degree of acidity developed in the later stages of the experiment. 

Considering now the alteration in the hydrogen ion concentration in the 
various experiments, the following statement may be made. The pH falls more or 
less considerably in all cases where glucose is decomposed by the bacteria either 
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Table I. Tomcsik medium with 0-5°j 0 sodium acetate and 
0-2°l o glucose. 


Glucose 


Hours of 
cultivation 

pH 

r 

Absolute 
quantities 
in % 

% of 
initial 
quantities 

1 

IF 

0 

7-46 

0-199 

100 

— 

8 

7*46 

0-199 

100 

— 

16 

7-40 

0-199 

100 

— 

24 

7-18 

0-179 

90 

— 

28 

6-95 

0-164 

82 

— 

32 

6*57 

0-141 

71 

— 

36 

6*23 

0-100 

50 

— 

40 

5-88 

0-057 

29 

1-0 

60 

655 

— 

— 

6*5 

62 

7*61 

— 

— 

10 

73 

8-25 

— 

— 

13 

86 

8-35 

— 

— 

13 

97 

8*47 

— 

— 

13 

121 

8-76 

— 

— 

13 

145 

8-92 

— 

— 

13 

Table II. 

Bandoeng medium with 0-5°L 

sodium acetate and 

Hours of 
cultivation 

pYL 

0-3 o l o maltose . 

Maltose 

Absolute % of 

quantities initial 

in % quantities 

1 

XF 

0 

7*94 

0-276 

100 

— 

12 

— 

0-276 

100 

— 

24 

7*88 

0-276 

100 

— 

48 

7-63 

0-261 

95 

— 

60 

156 

0*229 

83 

1-0 

72 

7*85 

0-190 

68 

— 

74 

— 

— 

— 

7-8 

79 

7-99 

0-174 

63 

9 

84 

8-04 

0-169 

61 

— 

96 

814 

0-145 

53 

— 

120 

8-49 

— 

— 

— 

123 

— 

— 

— 

18 

145 

8-64 

0-112 

41 

19 

169 

8-87 

0-105 

38 

19 

216 

902 

0-101 

33 

19 

266 

916 

0-101 

33 

19 


Table III. Summary of velocities of sugar breakdown in the 



various culture media . 



Medium 

Specimen of 
peptone 

Presence 

of 

acetate 

Sugar used 

Time at 
which the 
sugar has 
disappeared 
hours 

Pope 

Difoo-proteose 

+ 

0-2% glucose 

32 


ft 

- 

0-2% glucose 

34 


99 

+ 

0*5% glucose 

120 


99 

4 - 

1% maltose 

CO 


_ 99 

4 - 

0-3% maltose 

00 

Tomcsik 

Witte 

4 * 

0*2% glucose 

98 

Pig’s-stomaoh 

4 * 

0*2% glucose 

43 

Bandoeng 

Pig’s stomach 

+ 

0*3% maltose 

00 
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directly or after formation from maltose, doubtless owing to the production of 
various acids by the degradation of the glucose. The fall in pH is greater, the 
greater the amount of glucose available for decomposition. In experiments using 
O’2% of glucose, the lowest pH observed was 5-88 in the case of the Tomcsik 
medium, whilst the experiment with 0-5 % of glucose showed a fall to 5-15. It is 
of course obvious that this lowest pH value and the course of the pH curve are 
dependent on the buffer capacity of the medium employed (the kind of peptone 
used, the presence or absence of acetate etc.). 

What causes this rise in pH, which always occurs in cases that are physio¬ 
logically normal for the bacteria in question ? The compilers of the monograph 
“Diphtheria”, already mentioned, give it as their opinion on this point, that 
after the acids have reached a certain concentration, the bacteria oxidize 
them to 00 2 (and H 2 0), which combines with the alkali originally present to 
form carbonate and bicarbonate and so explains the inflexion of the pH curve. 
Although an experimental proof of this hypothesis is still wanting, a fact 
which strongly supports it is, that in all cases of direct decomposition 
of glucose, the minimum pH coincides for all practical purposes with the dis¬ 
appearance of the sugar from the medium. One must suppose therefore 
that glucose, as such, is an easily available source of energy of great value, 
which is first assimilated practically completely, before the less readily 
accessible, poorer source of energy, the acids, is consumed. The facts that the 
pH in the experiments with maltose decreased less and that the minimum in the 
pH curve was less well defined, is also in agreement with the above. In these 
cases of indirect glucose decomposition, both processes occur simultaneously, 
splitting of glucose into acids and oxidation of the latter to carbonates. Finally, 
in this connexion, an attempt must be made to find an explanation for the second 
rise in the pH curve observed in experiments with 1 % of maltose. In this case 
also, the explanation must be considered hypothetical. When this second rise 
occurs (after about 220 hours, see Fig. 6), the decomposition of sugar and the 
formation of toxin are practically at a standstill. Thus, at this time, presumably, 
there will l>e no more acid formed in the solution, wiiich may cause a rise in pH 
by subsequent oxidation to carbonate. The idea suggests itself that this second 
rise in pH might be the result of the formation of extra ammonia from the 
peptone present. 

The formation of toxin can be considered under three headings: (a) the time 
at which toxin formation begins, ( b ) the velocity with which formation takes 
place, (c) the maximum value reached. 

As regards the first point, experiments with glucose give the simplest picture. 
In all these experiments toxin formation occurs at the time wiien the glucose 
practically disappears from the solution. The time at which toxin formation 
begins (which can only be approximately determined by graphical methods) is 
given in Table IV, along with the corresponding maximum values. 

The figures indicate clearly that this setting off point, both in experiments with 
maltose and glucose, coincides with the minimum pH. 

The question now arises whether anything can be deduced from these pheno¬ 
mena regarding the nature of the toxin formation process. Without going into 
further details, as experimental data on this point are still wanting, we should 
like to consider the formation of toxin chiefly as a result of dissimilatory nitrogen 
metabolism, which begins at the moment when the carbon sources are mostly 
used up. 

In those cases where toxin is formed in reasonable amounts, the velocity of 
the process is almost constant until the maximum is reached, when it suddenly 
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Table IV. Summary of toxin production in the various media . 

Beginning of 


toxin-pro- Maximum 

duction after toxin- 
Medium hours value 

Pope, proteose-peptone, acetate, 0*2 % glucose 30 17 

Pope, proteose-peptone, no acetate, 0-2 % glucose 28 6*5 

Pope, proteose-peptone, acetate, no glucose 30 4*2 

Pope, proteose-peptone, no acetate, no glucose 24 1*0 

Pope, proteose.peptone, acetate, 0-5% glucose 32 1*3 

Pope, proteose-peptone, acetate, 1 % maltose 24 26 

Pope, proteose-peptone, acetate, 0-3 % maltose 31 29 

Pope, Witte peptqne, acetate, 0-2% glucose 85 1*2 

Tomcsik, pig’s stomach, acetate, 0*2 % glucose 49 13 

Bandoeng, pig’s stomach, acetate, 0*3% maltose 58 19 


falls to zero. The cause of this more or less abrupt cessation in the production of 
toxin is difficult to diagnose. 

This phenomenon may find its origin in the utilization of a necessary con¬ 
stituent for toxin formation, or the attainment of too high a concentration of 
one or other of the products of metabolism. The absolute value of the velocity 
(measured by the steepness of the toxin curve) is of course dependent on various 
factors connected with the metabolism. 

As shown by Table IV, the composition of the medium plays a very important 
part in determining the maximum value obtained in the various experiments 
for the concentration of toxin. The pronounced effect of the absence or presence 
of acetate in the medium shows that the decomposition of definite carbon 
oompounds is of great importance for the formation of toxin. 

Summary. 

1. A series of experiments was carried out with C. diphtheriae to determine the 
velocity of decomposition of the sugar, the changes in the hydrogen ion concen¬ 
tration and the formation of toxin, glucose and maltose being used as sugars, 
whilst various brands of peptone were employed as sources of nitrogen. 

2. The diphtheria bacteria are able to assimilate glucose up to a concentration 
of 0-2 % without detriment to the formation of toxin. If more glucose is added 
(0*5 %), the total amount of sugar is decomposed, but such a large amount of 
acid is formed that the production of toxin is almost completely inhibited. The 
decomposition is slower than with the smaller concentration of sugar. On the 
other hand maltose is tolerated in much higher concentrations. The cause of this 
phenomenon appears to lie in the fact, that the velocity of decomposition of 
glucose by diphtheria bacteria is about six times greater than the velocity of 
formation of glucose by the hydrolysis of maltose, 

3. In the decomposition of the sugar, the pH first of all falls until a point is 
reached when the sugar (glucose) disappears from the solution, and then it rises 
again, owing probably to oxidation of the acids, formed initially from the glucose, 
to CO ft and HgO, which combines with the alkali originally present to basioally 
reacting carbonate and bicarbonate. 

4. The formation of the toxin proper begins at the moment when the sugar 
(glucose) practically disappears from the solution, continuing during a definite 

period with practically constant velocity, to cease quite suddenly. The q value, 

measured by means of Ramon’s flocculation test, does not decrease Ob continued 
incubation of the culture , . 
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CCXLVII. SO-CALLED VIRTUAL ADRENALINE 
OF THE SUPRARENAL CORTEX. 

By JOHN DEVINE. 

From the Department of Physiology, The University, Manchester. 

(Received 3 July 1936.) 

The close structural relationship which adrenaline bears to the two naturally 
occurring amino-acids, tyrosine and phenylalanine, has focussed attention on 
both of these substances os possible biological precursors. The claim of Halle 
[1906] that adrenaline is formed when suprarenal tissue is incubated with tyrosine 
was shown conclusively by Ewins and Laidlaw [1910] however to be based on 
unsound evidence. Similar negative results have also been reported by Niko- 
lajeff [1924] on perfusion of tyrosine through the surviving suprarenal gland: by 
Trendelenburg [1929] who treated the pulped gland with dihydroxyphenylethyl- 
methylamine and also by Funk [1912] in similar experiments with 3:4-dihydroxy- 
phcnylalanine (dopa). Heard & Raper [1933] have shown that both dopa and 
N-methyldopa are stabilized against subsequent oxidation when perfused 
through the surviving adrenal gland whereas when exposed to the action of 
tyrosinase they yield small amounts of pressor bases (probably aminoaceto- 
catechol and adrenalone respectively). Apart from the recent experiments of 
Schuler & Wiedermann [1935] which have not yet received confirmation there 
is then little satisfactory evidence that the synthesis of adrenaline actually 
takes place in the gland or that the latter contains any demonstrable precursor. 
It must be realized however that failure to demonstrate any such formation by 
minced or surviving tissue does not preclude the possibility of some change, 
necessary to the process as a whole, having taken place. 

Another possibly significant factor is the distribution of adrenaline as be¬ 
tween the cortex and medulla of the gland. The small fraction generally found in 
cortical extracts may be due in part to post mortem diffusion from the medulla 
and to the impossibility of effecting an absolutely “clean” separation of each 
type of tissue by dissection. For this reason and also because the tissues are 
morphologically independent little attention other than that of Abelous et al. 
[1905] has been paid to the possible role of the cortex in the elaboration of 
adrenaline. More recently Abelous & Argaud [1931, 1932, 1934] have concluded 
that adrenaline is merely stored in the medulla after it has been formed in the 
cortex from a parent substance “virtual adrenaline”. 

The purpose of the present communication is to describe attempts to repro¬ 
duce these latter experiments and to study the effect of “ virtual” adrenaline on 
the assay of suprarenal extracts. 

Exfebimental. 

Estimation of adrenaline. 

The principal methods of estimating adrenaline are based either on (a) its 
oxidation to a "characteristic” red pigment, or (6) its reduction of Folin’s 
phosphotungstate reagent. 
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Both of these methods are likely to give erroneously high results in the assay 
of suprarenal extracts if other chemically allied substances are present. Heard 
[1932] has tested both types of estimation with the related compounds dopa, 
methyldopa and epinine using the Folin method [Folin et al., 1912] and the 
various oxidizing agents proposed by Vulpian [1856], Comessatti [1908] and 
Ewins [1910]. In each case the tint and intensity of colour were identical with 
those given by an equimolecular concentration of adrenaline. Folia's method is 
liable to further error since the reagent is reduced bv uric acid and other 
extractives including, particularly, ascorbic acid which is present in both the 
medulla and cortex of the gland. In the present experiments the persulphate 
method of Ewins as modified by Barker et al. 11932] has been used since a 
careful comparison made by them showed that this gave results most consistent 
with the physiological assay (pressor activity). 

In order to gain additional information as to the mechanism of adrenaline 
formation the total amount of catechol substances also present at different 
stages of the process was estimated by the ammonium molybdate method of 
Rae [1930]. In deproteinized cortical extracts colour matching against a standard 
adrenaline solution is made difficult by the presence of ascorbic acid which, 
with molybdate, gives a similar yellow colour turning finally an intense blue 
after a few minutes. The error on this account is not serious provided that the 
solution is assayed immediately after adding the reagent. In a test experiment, 
minced cortical tissue of the bullock, after l>eing shaken in air for 3 hours with 
0*5% sodium carbonate, was found by indophenol titration [Birch et al 1933] 
to contain only 0-4 mg. ascorbic acid g. tissue. The effect of this concentration 
could lx* ignored since the standard solution, equivalent to four times this 
concentration, did not itself give an effective colour with molybdate. 

The hypothesis of “ virtual ” adrenaline. 

The results of Abelous & Argaud [1931, 1932, 1934] already referred to may 
be summarized as follows: 

(а) If the minced cortical tissue of horse suprarenal gland is shaken at 
room temperature for several hours in 3% Na^CG 3 then both chemical and 
physiological assays show an increase in adrenaline content. Under the same 
conditions all the adrenaline in medullary tissue or in a mixture of medullary 
and cortical tissues is destroyed. These effects are not dependent on the presence 
of tissue and take place in deproteinized acid extracts subsequently made al¬ 
kaline. 

(б) A deproteinized aqueous extract of cortex contains much more adrenaline 
measured physiologically (pressor effect) than by colorimetric assay; whereas in 
an aerated alkaline extract the pressor response is the same as before whilst the 
chemical assay shows a marked increase. 

Hence it is concluded that the suprarenal cortex contains very little free 
adrenaline but a relatively large quantity of “virtual'' adrenaline which has a 
similar pressor activity, does not respond to colorimetric tests and is converted 
into adrenaline by oxidation in alkali. In the medulla the proportions of free and 
“virtual” adrenaline are reversed. 

The first two attempts to rej>eat these experiments were made with the 
suprarenal glands of the bullock. These were de-fatted and dissected immediately 
on arrival in iee from a local abattoir. As noted by Schild [1933], numerous 
assays made in the course of this investigation indicate that elaborate pre¬ 
cautions against the decomposition of active material are unnecessary. The 
tissue was minced and thoroughly mixed and samples of 10 g. medulla and 20 g. 



1770 


J. DEVINE 


cortex weighed into wide-necked 200 ml. bottles and each pair treated separately 
as follows, except in IV and V which refer to mixtures of 10 g. medulla and 20 g. 
cortex: 

I. (Controls). Extracted with V/10 H a S0 4 . 

II and IV. Shaken for 1J hours in air in 0»1 % NagCOg. 

III and V. Shaken for 4 hours in air in 0*1 % NagCOg. 

At the end of the process each sample was acidified with 10 ml. N H 2 S0 4 
to stabilize the adrenaline then corked and kept overnight at 0°. The mixture 
was filtered through muslin and the residue ground with sand and re-extracted. 
The total crude filtrate was heated nearly to boiling and the protein removed by 
adjusting the pH to 5*5 (methyl red). A water-clear, almost colourless extract 
was thus obtained from which aliquots were removed for the estimation of 
adrenaline and of total catechol substances. At the same time the adrenaline 
content was assayed physiologically by estimating the pressor activities of the 
deproteinized solutions by intravenous injection into a pithed cat. The results 
are presented in Table I, the material responding to each test being reckoned as 
mg. adrenaline in the whole sample of tissue. 


Table I. 


Sample 

Persulphate 

Molybdate 

Pressor assay 

I. M 

41 

144 

185 

C 

10 

21 

15 

II. M 

43 

136 

157 

C 

10 

18 

15 

III. M 

41 

126 

149 

C 

8 

18 

12 

IV. (M + C) 

28 

146 

202 

V. (M + C) 

26 

150 

185 


In each Table, unless otherwise stated, M= Medulla (10 g.); C= Cortex (20 g.). 

As there was doubt at this stage as to the validity of the persulphate estima¬ 
tion the marked discrepancy shown between the chemical and physiological 
assays will be discussed later. If attention is confined to the latter it will readily 
be seen that they in no way bear out the results of Abelous and Argaud previously 
discussed. If MI and Cl (acid extracts) 1 be accepted as controls for the remaining 
samples (alkaline extracts) then it appears that the adrenaline present in the 
medulla does not wholly disappear, but rather is the stabilizing effect of the 
system emphasized. Thus after 1-5 hours’ exposure to air in alkaline solution, 
85 % of the pressor activity still remained and only a further 5 % was lost at the 
end of 4 hours. Conversely the activity of the cortical tissue does not show a 
marked rise but a fall of about 20 % as in the medulla. In the samples of mixed 
tissue the predominant effect was the same. 

As the conditions had been made less drastic so as to minimize the destructive 
effect of oxidation, the experiment was repeated adhering more closely to the 
conditions originally laid down. The treatment was therefore carried out in 
3% Na^COg, to which a little octyl alcohol was added, by drawing a steady 
stream of air through the bottles which were immersed in a thermostat at 34-35°. 
The control extracts were made under hydrogen. The effect was also studied on 
protein-free acid extracts which were assayed before and after alkaline aeration 

1 The difference between acid and alkaline extracts is probably not significant. CJf. Table H, 
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thus eliminating errors due to lack of homogeneity in sampling the tissue. The 
treatment is summarized below and the results presented in Table II. 

I. (Controls.) Extracted with alkali under hydrogen for 4 hours. 

II. Aerated in alkali for 4 hours. 

III. Extracted with N /100 HgSC^ under hydrogen. 

IV. Extracted with water under hydrogen. 

A. Deproteinized aliquot of IIIC made alkaline and aerated. 

B. As in A with addition of 10 g. fresh medulla before aeration. 


Table II. 


Sample 

Persulphate 

Molybdate 

Pressor assay 

1. M 

50 

126 

152 

C 

10 

19 

13 

II. M 

52 

136 

130 

C 

6 

20 

7 

M + C 

52 

182 

124 

III. M 

14 

125 

104 

C 

7 

17 

13 

IV. M 

39 

119 

118 

C 

10 

11 

9 

A* 

0 

0 

0 

B* 

— 

— 

40 


* These analyses are referred to the whole of IIIC. as ’‘aliquots”. Chemical analysis of B was 
impossible on account of the deep colour of the solution. As further decomposition appears to 
have taken place before the physiological assay could be made the value obtained represents only a 
minimum figure. 

The pressor assays of samples I and II indicate substantially the same 
results as before save that the failure of the cortical tissue to general adrenaline 
is even further emphasized since after 4 hours’ treatment the destruction in the 
cortex (44%) was three times as great as in the medulla and nearly twice as 
much as in a mixture of both. The analyses A and B and those under III form a 
parallel experiment conducted on a deproteinized solution and show the same 
effect. Finally reference to the analyses under II and IV shows that in an 
aqueous extract of cortex both chemical assays are as high as the physiological 
assay while the only apparent effect of aeration has been to oxidize the adrenaline 
side chain without destroying the catechol nucleus so that the molybdate assays 
IC and IIC are the same while the pressor assay of IIC is notably lower than 
IC. The results therefore lend no support to the hypothesis of “virtual” 
adrenaline. 

Consideration of the chemical estimations shows that the persulphate figures 
vary too widely from the pressor assays to allow any useful analysis. On the 
other hand the molybdate estimations which in the cortical extracts are always 
in excess of the pressor assay show in the medullary extracts a mean difference of 
only 7 %. This suggests the presence in the cortex of a catechol substance other 
than adrenaline. The discrepancies between physiological and colorimetric 
assays of suprarenal extracts noted by numerous investigators including, more 
recently, Frowein [1822] and Maiweg [1922], support this belief. Annau ei al . 
[1932] postulated the existence in the medulla of an unstable derivative “nov- 
adrenine”, having many times the activity of free adrenaline. Euler however 
[1933], using a Pulfrich “ Stufenphotometer ” and a modified form of the Vulpian 
(iodine) reaction, concluded that in medullary extracts there is no significant 
difference between chemical and physiological assays. Less perfect agreement 
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was reported by Sohild [1933] in a comparison of the iodine, persulphate 
(modification of Barker et al.) and Polin methods as applied to medullary extracts. 
In each case, the physiological exceeded the colorimetric assay and where 
comparison of the latter was possible best agreement was obtained in the order 
named. Schild has criticized the persulphate method adversely because of the 
somewhat haphazard development of colour which, even in pure adrenaline 
solutions, makes direct comparison impossible, although reasonable results can 
be obtained by taking the maximum “red ” reading in a tintometer. The analyses 
reported in Tables I and II were carried out by matching in a colorimeter against 
a standard solution made by weighing out pure adrenaline and dissolving it in 
slightly more than 1 equiv. of dilute A standard time at room tempera¬ 

ture of 2\ hours was found to be sufficient for development of the colour which 
is stable for many hours in the absence of air. 

Examination of various inhibitory factors which might operate suggested 
either incomplete removal of protein by the method adopted or variable tempera¬ 
ture effects. An extract of whole gland was therefore made with dilute H 2 S0 4 , 
and the precipitation of protein completed at pH 5*5 by adding a little trichloro¬ 
acetic acid to the hot solution. Persulphate estimation at various temperatures 
up to 40° was in each case wholly unsatisfactory as compared with the iodine 
method of Schild [1933] who obtained similar results for both methods of de- 
proteinization. The only effect of elevated temperature was to strengthen the 
yellow component of the colour. The persulphate method therefore cannot be 
recommended except when used with a tinotometer, nor can the analyses by this 
method reported in Exps. 1 and 2 be regarded as satisfactory. 

It was thought that a final commentary both on the value of this method and 
on the existence of “virtual” adrenaline should be made by carrying out a more 
strict comparison using the adrenal glands of the horse. Quantities of 11 g. 
minced cortex and 4 g. medulla were therefore treated as follows for 3 hours: 

I. Extracted with A T /20 H 2 S0 4 . 

II. Extracted with H 2 0. 

III. Aerated in 1 % Na^COg. 

IV. Aliquot of cortical extract from I aerated in alkali. 

The results are given in Table III (mg./lO g. tissue). 

Table III. 

Iodine 


Sample 

I. C 

Persulphate 

2-7 

4*9 

5*2 

Molybdate 

Pressor assay 
6*8 

II. M 

32*5 

85 

85 

93 

95 

C 

5*5 

4*2 

4*4 

— 

4*9 

III. M 

0 

0 

0 

_ 

10*3 

C 

2*6 

— 

3*0 

— 

3*6 

IV. C* 

— 

— 

0 

— 

0*8 


* Referred to the whole of Cl as “aliquot”. 


In these solutions 6 hours at 22-24° were required for maximum colour 
development by persulphate. The estimations by iodine were duplicated so that 
the effect of varying certain conditions such as reaction time, excess of reagent 
and adrenaline concentration could be gauged. The high ascorbic acid content 
made application of the molybdate reaction to most of the solutions impossible. 
The analyses, presented in Table III, bear out the previous failure to reproduce 
the experiments on which the concept of “virtual” adrenaline is founded, for 
which at present no satisfactory explanation can be advanced. 
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Distribution of catechol substances in the suprarenal glands of the 

bullock . 

As the discrepancy between physiological and chemical estimations of 
adrenal extracts is generally attributed to the latter it must be stated that the 
iodine method gives readily reproducible results when carried out under the 
conditions stated by Schild and that the colour developed is constant over wide 
variations in the amount of reagent added. The figures presented so far suggest 
that one source of error not previously examined may lie in the distribution in 
the gland of catechol substances other than adrenaline, i.e. in the difference 
between the iodine and molybdate assays as shown in Table IV. The first 
extract of each pair was made with A T /20 H 2 S0 4 and the second with 5% 
trichloroacetic acid. 


Table IV. Comparison of assays for medulla and cortex ( mg.ig . tissue ). 


Medulla 


Cortex 


Adrenaline 


Total ‘‘catechol” Prowor assay 


110 12-6 

11-3 13 3 121 


0-77 1-24 

0-71 115 0-05 


The cortex apparently contains about 40 % of its catechol material in a form 
which has little or no pressor activity. The proportion is much less in the 
medulla but is too great to be accounted for by possible admixture with cortical 
tissue in dissection. The following factors which might influence the molybdate 
estimation were further investigated: 

Effect of pH. 4 ml. of medulla extract suitably diluted at pH 5*5 were 
treated with 5 ml. acetate buffer and 4 ml. reagent. The mean variation in 
colour intensity was shown to be only about 2 % over the pH range 3-A-5-6 if 
the standard be developed at the same value. 

In the cortical extract the effect seemed to lie in the opposite direction, owing 
possibly to the much greater interference of ascorbic acid which can be minimized 
by selecting a fairly high pH but one at which adrenaline itself is quite stable— 
say 5-4. 

Effect of ascorbic acid . A test made as quickly as possible before further 
change showed that the yellow* colour given by ascorbic acid is about one 
fortieth as effective as that of an equal weight of adrenaline and in fresh extracts 
would lead to a maximum error of about 6% in the cortex and 0*3% in the 
medulla. Other more sensitive reagents, such as Polin's, which are reduced by 
ascorbic acid give rise to more serious error. The quantitative separation of 
adrenaline and ascorbic acid cannot readily be earned out for routine analysis. 
Lead acetate has been used to remove the vitamin but there is disagreement as 
to the effective pH [Zilva, 1927; Smith & King, 1931; Emmerie, 1934]. 100 ml. 
cortex extract containing 50 mg. ascorbic acid were therefore treated with 20 ml. 
10% lead acetate and adjusted with ammonia to pH 6-0, 7*2 and above 10-0. 
The procedure was unsatisfactory as each of the three precipitates was found 
to oontain both “catechol” and ascorbic acid. A simpler method is to destroy 
the latter by aeration. According to Ahmad [1935], with ordinary exposure of 
such extracts oxidation commences about 3 hours after preparation. The effect 
on solutions kept sealed at 0° is shown in Table V (Exp. 1) by the increase in 
titre against a constant volume of indophenol solution. 

Exp. 2 gives the analyses made 3 weeks after extraction of samples from 
another batch of glands. The yields are less but lie within normal variation 

Biochem. 1936 xxx 134 
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Table V. Bate of oxidation of ascorbic acid at 0°. 

Titre (ml.) M (mg./g.) C mg./g. 


Exp, 

Time in 
days 

M 

C 

.. / 

Adrenaline 

“Catechol” 

t - A 

Adrenaline 

“Gated 

I 

0 

4*3 

2-3 

_ 

_ 

— 

— 


1*5 

5*3 

4*0 

11*8 

118 

0*66 

— 


6*5 

14*3 

113 

— 

— 

— 

1*08 

11 


__ 


9*1 

10*2 

0*41 

0-74 


_ 

_ 

_ 

9-4 

10*2 

0*41 

0*84 


— 

— 

— 

8-9 

9-9 

0*42 

0*82 


[Schild, 1933]. In both groups the ratio of total “catechol” to adrenaline 
remains almost constant at M (medulla) and 1*7 (cortex) respectively. This 
suggests that the bio-synthesis of adrenaline may be regarded as a two-stage 
process in which an intermediate catechol substance is first elaborated by the 
cortex and is then carried into the medulla and converted into adrenaline. 
Further work along these lines is being carried out. 


Summary. 

1. Oxidations have been carried out in alkaline media with the cortical and 
medullary tissues of the suprarenal glands of the horse and buliock. Chemical 
and physiological assays of the resulting solutions do not support the hypothesis 
of the existence in the adrenal gland of “virtual” adrenaline. 

2. The distribution of catechol substances in the gland suggests that the 
cortex may play some part in the elaboration of adrenaline. 


I am greatly indebted to Prof. H. S. Raper for his helpful criticism and also to 
Miss M. Fleure for assistance in carrying out the physiological assays. 
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CCXLVIII. NEW ZEALAND FISH OILS. 

I. THE COMPOSITION OF EEL OIL 
{ANGUILLA AUCKLANDII). 

By FRANCIS BRIAN SHORLAND and IAN GORDON McINTOSH. 

Chemical Laboratory , Department of Agriculture , Wellington , 

New Zealand . 

(Received 7 July 1936.) 

It has been suggested by Lovern (1932 et seq.] that the fats of freshwater fish are, 
within comparatively small limits, characteristic for that class and quite distinct 
as regards the relative proportions of component fatty acids from marine fats. 
So far as the authors are aware the data on this subject have been derived almost 
entirely from species inhabiting the Northern Hemisphere. The present work, 
however, suggests that this important generalisation with regard to the com¬ 
position of freshwater fats can be extended to include species inhabiting the 
Southern Hemisphere. 

In most parts of New Zealand, eels are the predominant freshwater fish. The 
two species known respectively as the short-finned or northern eel (Anguilla 
australis) and the long-finned or southern eel ( Anguilla aucklandii) are noted for 
their large size when mature; specimens weighing 35 lb. or more being occasionally 
caught. 

The composition of New Zealand eel oil does not seem to have been previously 
determined. Wiehr [1934] reports that the fat from A. vulgaris yielded 86-5% 
fatty acids of which the solid acids separated by Famsteiners method comprised 
20-3 %, whilst Ono [1935] gives qualitative data for the composition of Japanese 
eel oil. The general characteristics of various eel oils determined by previous 
investigators are given in Table 1. 


Table I. The general characteristics of some eel oils . 


Species 

Sap. 

equiv. 

I.V. 

Unsaponi- 
fiabie (%) 

Observer 

A . rortrota 

293-6 

117-4 

— 

White [1912] 

A. vulgaris 

New Zealand eel 

273-4 

90-6-105*8 

0-74 

Wiehr [1934] 

289-2 

107-0 

1-0 

Denz and Shorland 

Japanese eel (Spring) 

284*7 

146-2 

, 

[1934] 

Ono [1935] 

„ (Summer) 

290-7 

158-9 

— 

M 


Eel oil has been stated to contain not only vitamin D but also nearly as much 
vitamin A as good cod liver oil [Medical Research Council 1926-7]. In the case 
of New Zealand eels we have measured vitamin A blue values varying from 4*3 
to 12-0. Most of the fat is contained in the body, the small amount of oil in the 
liver, however, appears to be extremely rich in vitamin A. A sample weighing 
254 g. and comprising 19 livers, kindly placed at our disposal by Dr E. Marsden 
of the Department of Scientific and Industrial Research, Wellington, New 
Zealand, yielded 2 % oil of blue value 1300. For a sample of small eels (average 
weight 1 lb.) it was found that the livers comprised only 1-8% of the total 
weight. 


( 1775 ) 
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The sample used in this investigation was a specimen of A. aucklandii taken 
near Upper Hutt in the Wellington District of the North Island during February 
1935. The following measurements may be given. Length, 4 ft. 3 in.; weight, 
20 lb.; weight of liver 4 oz.; 

100 

distances between dorsal fin and vent x 

After removal of viscera, the bulk of which comprised liver, the remainder 
was steam-cooked, pressed and then extracted with light petroleum (b.p. 60- 
80°). The extract (7 %) freed from the last traces of solvent by steam distillation, 
gave the following general characteristics. Sap. equiv., 290*4; i.v., 122*5; % un- 
saponifiable matter, 0*80. In Table II, the data for the component fatty acids of 
eel oil determined according to the procedure of Guha et aL [1930] are compared 
with the summarised data for five freshwater fats analysed by Lovem [1932]. 

Table II. Component fatty acids of freshivater fish oils expressed 



Saturated 

as molar percentages . 

Unsaturated 




^16 

Qa C M C|« 

<\« 

C w 


A. aucklandii 2*4 

15-9 

0-8 — 212 
(-2*0 H) 

40 3 

(-2-0 H) 

12*9 

(-0-2 I!) 

0*5 

(-HI) 

Freshwater species (3-4-5 0) 
(Lovem) 

(13*4-10-0) 

(tr.-l*9) (0-0-1-8) (19-0-22*4) 

(-2-0H) (-2-0H) 

(37*4-44-5) 
(-2-8 to 

-3-4 H) 

(12-2-13-8) 

(- tv 7 to 
-7 5 H) 

((MMJ-0) 

(-7-5 to 
-9-2 H) 


It will be observed that apart from minor differences such as the relatively 
low molar percentages of rayristic acid and the high molar percentages of 
unsaturated acids together with the low mean unsaturation of the C 18 and 0^ 
groups there is a general agreement between the composition of the eel oil 
examined and fats from typical freshwater fish in the Northern Hemisphere. 

Until quite recently it appears to have been widely assumed that the 0# 
unsaturated acids of fish oils consisted of oleic acid together with linoleic and 
linolenic acids characteristic of plant and animal fats. Various investigators have, 
however, reported occasionally the occurrence of a tetraethenoid C 18 acid in fish 
oils [cf. Toyama & Tsuchiya, 1929]. The only quantitative data with regard 
to the relative amounts of ^18 polyethenoid acids in aquatic oils appear to be 
those of Green & Hilditch [1936]. These investigators have shown that cod 
liver and whale oils contain not more than traces of linoleic and linolenic acids, 
the polyethenoid unsaturation being due in part at least to octadecatetraenoic 
(stearidonic acid). On the other hand, the C 38 acids of the grass-feeding carp were 
found to contain smaller proportions of stearidonic acid but definite amounts 
of linoleic and linolenic acids. In view of these results it seemed desirable to 
obtain further information with regard to the C„ unsaturated acids of eel oil. A 
purified C 18 fraction (Sap. equiv. 308*8; i.v. 115*4) was prepared by refractiona¬ 
tion of a C M concentrate obtained during the distillation of the ethyl esters of the 
“liquid” acids. The corresponding acids (3*59 g.) were brominated and fraction¬ 
ated into ether-insoluble and petroleum-insoluble bromides as described by 
Green and Hilditch [1936], The data thus obtained are summarised in Table HI, 

The C 18 unsaturated acids (7*30 g.) were further examined by means of 
oxidation with alkaline permanganate (Hazura). The water-insoluble fraction 
(2*96 g.) m.f. 120-122° on recrystallisation from ethyl acetate gave dihydroxy- 

1 This formula is used to distinguish between the two species; in the case of o uMraUs the 

value seldom exceeds 4%. 
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Table III. The bromo-additive products of C 18 unsaturated 
acids of eel oil. 






Total 

T.V. 




Br 

acids 

(calculated 


Weight 

M.P. 

O'' 

/O 

O, 

/o 

from Br (%)) 

Insoluble in ether 

0*52 

>190° (d)* 

670 

4-8 

322-1 

Insoluble in petroleum 

0*26 

145-147° 

61-4 

2*8 

252-3 


* (d) with decomposition and charring. 


Btearic acid m.p. 129-130°. No tetrahydroxystearic acid was found in the water- 
soluble fraction. The high melting-point and bromine content of the ether- 
insoluble bromides point to the presence of stearidonic acid. In the case of the 
petroleum-insoluble bromides, the bromine content (61*4%) is somewhat lower 
than required for hexabromostearic acid (63*3 %). However, in view of the failure 
to obtain tetrahydroxystearic acid and the low melting point observed it is 
quite possible that the petroleum-insoluble bromides represent incompletely 
broruinated stearidonic acids. The composition of the C, 8 polvethenoid acids of 
eel oil thus appears to resemble that of cod-liver or whale oil. 

Summary. 

The fat from a specimen of New Zealand eel (A. auckhmdii) has been exa¬ 
mined. The composition is shown to resemble closely that of the typical fresh¬ 
water fish examined by Lovorn [1932]. Oxidation with alkaline permanganate 
and broinination respectively have shown the C l8 unsaturated acids to contain 
in addition to oleic acid some stearidonic acid. No evidence, however, for the 
presence of either linoleic or linolenic acid has been found. 

The authors wish to thank Mr B. C. Aston of this laboratory for encourage¬ 
ment and facilities. Thanks are also due to Prof. T. P. Hilditch of Liverpool 
University for his kind interest and invaluable assistance in connection with the 
calculation of percentages of the component fatty acids. 
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CCXLIX. THE PROTEOLYTIC ENZYMES OF 
SPROUTED WHEAT. II. 

By JAMES DENIS MOUNFIELD. 

From the College of Technology, University of Manchester. 

(Received 21 July 1936.) 

In a previous communication the author [1936] has described some of the 
principal characteristics of a proteinase and a dipeptidase which appear in the 
aqueous extracts of germinated wheat seeds. The aim of the present paper is to 
supply further data with regard to these two enzymes and to amplify certain of 
the fin dings already recorded, principally those concerned with the relative 
stabilities of the proteinase and dipeptidase and with the effect of cyanide upon 
enzymic activity. 

Experimental. 

The technique adopted was substantially the same as that already outlined, 
the Sorensen method of formaldehyde titration in two stages, (a) and ( b ), 
forming the basis of the investigation. In a few cases N/ 10 NaOH was employed 
in place of N/20 NaOH so as to furnish a sharper end-point. For the sake of 
uniformity, however, all results are recorded in terms of N/20 NaOH. Edestin, 
leucylglycine (LG.) and glyeylglycine (GG.) were again used as substrates, the 
former for the investigation of proteinase activity and the two latter for the 
investigation of dipeptidase activity. 

The use of 40% formaldehyde adjusted colorimetrically to pH 8-5 calls for 
comment, more especially in those instances in which the quantity of amino- 
acid present in the titrated liquid is low, as, for example, in the reaction mixtures 
prepared during the first 2 days of the tests on the effect of germination time on 
proteinase activity (see below). The addition of the adjusted formaldehyde to 
an equal volume of reaction mixture after its titration to stage (a) sometimes 
resulted, not in the expected discharge of the pink colour, but in its intensifica¬ 
tion. Addition of the formaldehyde to an equal volume of water produced a 
similar result. After the discharge of the intensified pink colour by a known 
amount of Mj20 potassium hydrogen phthalate (usually 1 ml.) back-titration 
with NaOH revealed the extent of the apparent development of alkalinity on 
dilution of the formaldehyde. An example may perhaps clarify this statement: 
10 ml. of 40% formaldehyde (containing 10 drops phenolphthalein) adjusted 
colorimetrically to pH 8-5, after the addition of 10 mi. water, 1 ml. M/20 
potassium hydrogen phthalate and 11 more drops of indicator (to maintain its 
concentration at 1 drop per ml.) required 0-24 ml, N/20 NaOH to restore the 
pink colour to that of the pH 8-5 standard. Deducting this latter value from 
that required by the M/20 potassium hydrogen phthalate (namely, 1 ml.) gives 
0-76 ml. N/20 NaOH as the apparent development of alkalinity on mixing 10 ml. 
formaldehyde at pH 8-5 with 10 ml. water. This value will vary according to the 
accuracy of the preliminary colorimetric adjustment of the formaldehyde to 
pH 8-5 and with the amount of formaldehyde required in Hie titration. Thus aU 
quantitative determinations of amino-acids by the above method require indi¬ 
vidual correction by the addition of the NaOH equivalent of the apparent 
development of alkalinity. Results obtained by difference between Hires at the 

( 1778 ) 
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beginning and end of a given period are, of course, not subject to this correction 
providing the same procedure is observed throughout. Correction is necessary, 
however, in those instances in which the initial titre (a) is less than, and the final 
titre (6) is greater than, the apparent development of alkalinity figure (cf. initial 
stages of germination experiments). 

The apparent development of alkalinity is, of course, due to the increase in 
the pK r value of phenolphthalein in the 40 % formaldehyde. This alteration in 
pK' commences at some point between 20 and 40 % concentration since below 
20% the pK is the same as in aqueous solution [Richardson, 1934]. 

Results . 

Effect of germination time on proteinase activity . 

The germination of wheat seeds results in increase in proteinase activity: the 
rate of increase is shown in Fig. 1. 50 g. portions of the same wheat were allowed 
to germinate for varying lengths of time at 18°. The grains were first immersed 



Fig. 1. Effect of germination time. Concentration of edestin in reaction mixture: 2*0%. Mfl 
acetate buffer at pH 4-1. Enzyme dilution 2 : 7. Formaldehyde titration of 4-hour samples. 
Temperature 40°, Titles as ml. A’ 20 NaOH jht 5 ml. sample in excess of a control solution 
without edcstin. 

in tap water at 18° for 24 hours, being afterwards transferred to perforated 
porcelain germinating trays and kept covered with moist absorbent cotton-wool. 
After the appropriate period each portion was minced finely and its gain in 
weight made up to 100% with water. The mass was then extracted with 67 ml. 
water containing a few drops of toluene for 2 hours at 30° and filtered. The 
24-hour immersion period was considered as part of the germination period. The 
initial value was obtained by the use of an extract prepared from 50 g. of finely 
ground wheat seeds. Germination was not continued beyond the seventh day as 
mould growth appeared after that time. 

Ageing of wheat seeds . 

The effect of ordinary storage on dry wheat seeds is illustrated in Fig. 2. The 
curve is constructed from figures obtained over a period of approximately 2 
years. A quantity of English wheat (1934 crop) was kept in a glass-stoppered 
bottle at 18° and in the dark. Samples were withdrawn at intervals, allowed to 
germinate for 5 days, and the proteolytic activity of an aqueous extract deter¬ 
mined in the usual way with edestin as substrate. 
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Influence, of glycerol on dipeptidase stability . 

In the previous communication it was shown that the proteinase activity of 
aqueous extracts of sprouted wheat seeds diminishes to half its original value in 
about 18 days on storage in the dark at 18° and in the presence of toluene whereas 



Months 

Fig. 2. Ageing of wheat seeds. Details os in Fig. 1. 

the activity of the dipeptidase is reduced to zero in 5 days under similar conditions. 
The inclusion of glycerol in the wheat extract was found to increase considerably 
the stability of the dipeptidase (see Table I), activity being maintained almost 
at the original level even after 21 days at 18°. In Table I are included for con¬ 
venience the results already recorded for the stability of the dipeptidase in 

Table I. 

Days of storage ... 0 1 2 4 7 14 21 

Increase in Aqueous 1-34 1*16 0*62 0-06 — — - 

titre (b): Glycerol M2 108 M4 M0 M3 M0 108 

Concentration of LG. in reaction mixture: Mj 25. Enzyme dilution 2:7. 

Concentration of glycerol in reaction mixture: 14%. 

Titration of 3-hour samples. Reaction at pH 7*3. 

aqueous extract. Extracts containing glycerol were prepared by replacing 200ml. 
of the extraction water with an equal quantity of 88 % glycerol per 150 g. wheat 
used. The concentration of the glycerol in the extraction mixture was approxi¬ 
mately 45%. Other conditions remained unaltered. The colour of the glycerol 
extracts invariably remained a deep golden yellow in contrast to the aqueous 
ones which usually deepened to a dirty brown shade. 

The pH value of the aqueous extracts in the majority of cases fell rapidly on 
storage from about 6 to a value between 4 and 5. The glycerol extracts, however, 
did not vary in this manner: their acidity was either maintained at the original 
value of pH 6 or in some few cases tended even to rise slightly. Representative 
figures for aqueous and glycerol extracts are given in Table II. The pH values of 
the glycerol extracts were calculated from the millivolt readings in the usual 
manner, no allowance being made for any change in dielectric constant etc. by 
the inclusion of 14 % glycerol in the reaction mixture. 
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Table II. 

Days of storage ... 0 1 2 4 7 14 21 

pH value: Aqueous 6 02 5 10 4-83 4-64 4-50 4-41 4-*3 

Glycerol 605 — 612 6*23 6-40 6-52 6-64 

Effect of p H on stabilities of proteinase and dipej)tidase. 

From the data presented in the previous section it appears probable that the 
increase in acidity on storage of aqueous extracts is responsible for the destruc¬ 
tion of the dipeptidase. The stabilities of both proteinase and dipeptidase were 
therefore measured during the storage of aqueous extracts at various pH values. 

Three separate portions of the same fresh aqueous extract were adjusted by 
means of acetate buffer or NaOH solution to pH 4, 8 and 8, respective^. The 
innate tendency of the extracts to develop acidity on standing necessitated the 
frequent readjustment of the alkaline extract to pH 8 by the cautious addition of 
dilute NaOH. At no time did the reaction of this extract vary by more than 
0*2 unit from the desired figure. The two acid extracts maintained constant pH 
values. The extract adjusted to pH 4 remained a pale brown, slightly turbid 
liquid, whereas that at pH fi rapidly darkened to a dirty brown shade. The 
extract at pH 8 remained throughout a fairly clear golden yellow. The activity 
of each extract was determined at intervals both on edestin at pH 4*1 and on 
leucylglycine at pH 7*3. The results are shown graphically in Figs. 3 and 4. 



Fig. 3. Proteinase stability. Concentration of edestin in reaction mixture: 1*6%. Mj 7 acetate 
buffer at pH 4*1. Enzyme dilution 2: 7. Titration of 3-hour samples. 0 pH 4. x pH 6. 
0 pH 8. 

Fig. 4 . Dipeptidaae stability. Concentration of LG.: Mj 25. Enzyme dilution 2: 7. Reaction at 
pH 7*3. Titration of 3-hour samples. 0 pH 4. x pH 6. 0 pH 8. 


Activation of proteinase by cyanide . 

The rate of hydrolysis of edestin by wheat proteinase is markedly accelerated 
in the presence of cyanide, the pH optimum at the same time being shifted to¬ 
wards the alkaline side from pH 4*1 to 4*8. In Fig. 5 are reproduced the pH 
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opt imum curves for the action of the proteinase on edestin in the presence and 
in the absence of cyanide. The latter substance was added to the reaction 
mixtures in the form of sodium cyanide. 



Fig. 5. Activation of proteinase by cyanide. Concentration edestin: 1 ■6 %. Concentration NaCN: 

0*01 if. Enzyme dilution 2*: 7. if/7 acetate buffers. <•) Normal, x With CN. 

Relation between cyanide concentration and proteinase activation . The effect of 
variation in cyanide concentration on the rate of hydrolysis by wheat proteinase 
is shown by the graph in Fig. 6. Reaction mixtures containing cyanide were 
maintained at the appropriate optimum, pH 4*8: the initial mixture containing 
no cyanide was adjusted to pH 4*1, the optimum in the absence of cyanide. 



Fig. 6. Activation with varying cyanide concentration. Concentration edestin: 1*6%. 
Enzyme dilution 2:7. if/7 acetate buffers. 

Activation of dipeptidase by cyanide . 

Cyanide also accelerates the action of wheat dipeptidase on both glycylglycine 
and lcucylglyoine. In both cases the optimum is shifted towarclrthe alkaline 
side, to a greater extent with LG. as substrate than with GG. (Figs. 7 and 8.) 



ml. N f 20 NaOH 
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Discussion. 

Germination studies on wheat in which particular reference has been made to 
the proteolytic enzyme content of the seeds have been reported by Bach & 
Oparin [1922], Bach et at. [1927] and Pett [1935], Bach et al. found the proteinase 
activity of wheat to be increased about 40 times on germinating up to the 



Fig. 7. Activation of dipeptidano by cyanide. Concentration LG. = M 25. Concentration XaCN: 

0-01 if. Enzyme dilution 2:7. ® Normal, x With XaCN. 

Fig. 8. Activation of dipeptidase by cyanide. Concentration GG. = Jf/25. Concentration XaCN: 

0 01 Jf. Enzyme dilution 2:7. ® Normal, x With XaCN. 

eighth day. Enzymic activity was determined by precipitation of the amino- 
acids as their copper salts with subsequent estimation of the N content of the 
precipitate by Kjeldahrs method. Much of the work was unfortunately carried 
out without due regard to such factors as optimum pH, effect of drying etc. 
Pett’s contribution was a study of the distributions of both proteinase and 
dipeptidase in five easily dissected parts of the seed, namely, hull, endosperm, 
scutelium, plumule and radicles. His observations showed clearly that although 
hull and endosperm possess little or no proteolytic activity either initially or on 
germination, scutelium and embryo are more liberally endowed with proteinase 
and dipeptidase even in the dormant state. On germination these latter two 
portions of the seed show a rapid increase in activity. In the scutelium this in¬ 
crease continues up to 36 hours and in the embryo up to 12 hours, activity after¬ 
wards diminishing. The present author’s observations (see Fig. 1) show little 
significant increase in proteinase activity until the third day of germination, 
increases thereafter being rapid until about the sixth day. On the seventh day 
the activity is approximately ten times that in the dormant seed. The apparent 
differences between Pett’s results and the present ones may possibly find an 
explanation in the methods by which the two sets of results were obtained. 
Pett’s determinations were carried out on dissected portions of seeds whereas the 
present ones involved the extraction of whole germinated seeds and hence slight 
variations in the activities of the various parts would tend to be levelled out. 
The lag phase extending over the first 2 days may be occasioned by an incom¬ 
plete diffusion of enzyme into solution during extraction owing to the imperfect 
opening up of the scutelium and embryo cells. By the third day of germination 
the condition of these latter portions may allow a better release of enzyme con¬ 
tent on mincing and extracting. Support is gained for this view by the observe- 
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tion that the quantity of protein extracted during the process corresponded 
closely with the quantity of enzyme, being almost negligible during the first 2 
days of germination, afterwards increasing rapidly up to the sixth or seventh 
day. The increase in enzymic activity on germination ran parallel with the 
physical changes in the seeds: the embryo developed slowly for the first 2 days 
and then showed a considerable increase in size on the third and fourth days. 
By the seventh day the acrospires had attained an average length of 2 in. and 
were tipped with green whilst the radicles were about 2J in. long. Barley, on 
germination, underwent changes similar to those described above [Luers, 
1936]. 

The percentage germination of wheat seeds is usually taken as a measure of 
the vitality of the seeds. Under ordinary conditions of storage vitality persists 
only for about 10 years [Bradley, 1935] although under special conditions 
vitality has been demonstrated in seeds 20 years’ old [Whymper, 1935]. It is 
reasonable to assume that loss of vitality is accompanied by loss of enzymic 
activity and the results depicted in Fig. 2 bear out this assumption. It is some¬ 
what surprising however to find that in the comparatively short period of 2 
years the power to develop proteinase activity on germination dwindled to about 
one-third of its initial value. 

The stability of the dipeptidase of sprouted wheat extracts is enhanced very 
considerably by the presence of glycerol, no loss of activity being observed after 
21 days in the presence of 45 % glycerol whereas in its absence all activity dis¬ 
appeared after 5 days at 18° and in the presence of toluene. These observations 
are in close accord with those of Linderstrom-Lang & Sato [1929]. The observa¬ 
tion that glycerol extracts, unlike aqueous ones, did not develop acidity on 
storage (see Table II) led to the investigation of the effect on enzyme stability of 
storage of the extract at various pH values. From the results presented in Figs. 3 
and 4 it is evident that the influence of pH during storage is considerable. The 
proteinase is comparatively stable at pH 4 and 6 but is rapidly destroyed at pH 8, 
whilst the dipeptidase remains quite active at pH 6 and 8, losing all activity 
however by a short exposure of less than 2 days to a medium of pH 4. Liiers & 
Malsch [1929] found the peptidase of green malt to be destroyed rapidly below 
pH 5. At pH 6 both wheat enzymes are fairly stable although the loss of activity 
by the dipeptidase occurs at an appreciably greater rate than that sustained by 
the proteinase. At pH 4 the wheat extract is deprived of four-fifths of its 
dipeptidase content within a few minutes. The proteinase is not so readily 
destroyed at pH 8: it still retains slight activity after 2 days. Storage of 
sprouted wheat extracts at pH 4 and 8, respectively, furnishes therefore an 
additional means of separation of proteinase from dipeptidase. After 2 days at 
18° at pH 4 the extract is dipeptidase-free, whilst after 3 days at pH 8 the extract 
is proteinase-free. The results also provide further proof of the separate identities 
of the two enzymes. 

From Fig. 4 it is clear that the increased stability of dipeptidase in presence 
of glycerol is due largely to the action of the latter in maintaining the acidity of 
the wheat extract at or about pH 6. The effect of the glycerol however is not 
merely to retard acid production since at pH 6 and even at pH 8 the dipeptidase 
still suffers an appreciable loss of activity in the comparatively short time of 
7 days, whereas in the presence of glycerol the enzyme retains its original vigour 
for at least 21 days. The precise action of glycerol is not certain but it is probable 
that its main effect depends upon a lowering of the rates of the various reactions 
which undoubtedly proceed in an aqueous extract of sprouted wheat and which 
are probably responsible for the destructive effect. Hydrolytic processes in 
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particular would almost certainly be retarded by concentrations of glycerol as 
high as 45 %. The absence of pigment formation and acid production in glycerol 
extracts supports this view. 

Activation of plant proteinases by cyanide is a well-known phenomenon, 
papain [Willstatter & Grassmann, 1924], pineapple proteinase [Willstatter et at. 
1926], yeast proteinase [Grassmann & Dyckerhoff, 1928, 2] and the proteinase of 
green malt [Lucre & Malsch, 1929] being among the principal enzymes affected 
in this way. The proteinase of sprouted wheat extract is also activated by cyanide, 
the increase in rate of reaction as shown in Fig. 5 being about 64 %. Actually the 
extent of activation varied between 50 and 64% for different preparations of 
wheat extract. Liiers & Malsch reported a 50% increase in the activity of green 
malt infusions in the presence of cyanide. Papain, on the other hand, showed a 
200-300% increase in activity. The pH optimum of the latter enzyme was un¬ 
affected by the addition of the cyanide although its specificity was widened. 
Cyanide however caused a shift in the respective pH optima of the proteinases 
of both green malt and sprouted wheat. Using gelatin as substrate Liiers & 
Malsch found an optimum of pH 4*9-5 0 for green malt proteinase: with cyanide 
the optimum was lowered slightly to pH 4*6 and 4*7. The effect of cyanide on 
sprouted wheat proteinase was to cause a shift in the optimum for its action on 
edestin from pH 41 to 4*8. 

Fig. 6 shows also that the activation of the proteinase reaches a maximum at 
a cyanide concentration of about 0*001 M, the extent of activation thereafter 
remaining the same even up to 0*05 J/, the highest concentration investigated. 

The effect of cyanide uf>on the majority of peptidases so far tested in this way 
is one of inhibition, not of activation. Among those inhibited are erepsin [Euler 
& Joseph son, 1926], the yeast peptidases [Grassmann & Dyckerhoff, 1928, 1] 
and yeast polypeptidase [Grassmann & Dyckerhoff, 1928, 2]. The dipeptidase of 
wheat, on the contrary, is activated when both LG. and GG. are used as sub¬ 
strates (Figs. 7 and 8). The extent of activation in both instances is less than 
that exhibited by the proteinase. For LG. the increase varied from 5 to 20% 
with an accompanying shift in the optimum from pH 7*3 to about 7*8. For GG. 
an increase of about 10 to 30 % was recorded with a slight shifting of the optimum 
from pH 7*9 to 8*1. 

Summary. 

1. The proteinase activity of germinating wheat seeds, after a lag phase of 
2 days, increases tenfold in 7 days at 18°. 

2. Wheat seeds, stored in the dark at 18°, display a steady loss of power to 
develop proteinase activity on germination, the loss amounting to about 67 % in 
2 years. 

3. The stability of the dipeptidase of sprouted wheat extract is raised con¬ 
siderably in the presence of 45 % glycerol; the activity remaining at the original 
level for at least 21 days whereas in aqueous solution all activity is lost in 5 days 
at 18°. 

4. Wheat proteinase is relatively stable in buffer solutions maintained at 
pH 4 and 6 respectively but is destroyed at pH 8 at 18° in less than 3 days. 

5. Wheat dipeptidase loses its activity comparatively slowly at pH 6 and 8 
but is almost immediately destroyed by exposure to a medium of pH 4. 

6. Glycerol doubtless owes much of its stabilizing power to its ability to 
maintain the acidity of sprouted wheat extracts at or about their initial value of 
pH 6: aqueous extracts almost invariably develop acidity, falling generally from 
pH 6 to between pH 4 and 5 in 1 or 2 days. 
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7. Both the proteinase and dipeptidase of sprouted wheat are activated by 
cyanide. The former enzyme is increased in activity by about 60%, suffers a 
shift in the optimum for its action on edestin from pH 4*1 to 4*8 and shows a 
maximum requirement of 0*001 M cyanide. The dipeptidase is stimulated to a 
less extent than the proteinase but shows similar shifts in pH optima towards the 
alkaline side. For leucylglycine the shift is from pH 7*3 to 7*8 and for glycyl- 
glycine from pH 7*9 to 8*1. 
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WILLIAM HOLDSWOHTH HURTLEY. 

1805-1936. 

William Holds worth Hartley was born at Armley near Leeds in 1805 and 
was educated at the Yorkshire College, now the University of Leeds, from which 
he graduated in the University of London, taking the B.Sc. in 1888 and thirteen 
years later the D.Se. After teaching for some years in a school at Leeds and at 
the University Tutorial College in lied Lion Square, London, he was appointed 
Demonstrator in the Medical College of St Bartholomew's Hospital in 1899 and 
in 1906 succeeded to the lectureship. Tin's position he had decided to resign at 
the close of the summer session when in February he fell ill with bronchitis, 
from which he had many times suffered, and died in the Hospital on June 2nd. 

A funeral service was held in St Bartholomew-the-l-ess when the church w as 
completely filled by his colleagues and students. He leaves a widow, a son and 
two daughters. 

Hartley was a member of the Board of Studies in Chemistry and for many 
years acted as one of the Internal Examiners in the University of London of 
which he l>ecame a Reader in 1919. He also several times examined for the ('on- 
joint Board. He was elected a Fellow of the Chemical Society in 1912 and was 
an original member of the Biochemical Society. 

During the whole of his long connection with the Medical School of St 
Bartholomew's Hurtley endeared himself to all with whom he came into contact 
by his integrity, modesty and invariable readiness to assist anv colleague or 
student. He was an excellent teacher and lecturer and although his duties, 
especially in recent years, were unduly arduous he carried out much useful and 
important research. This was fit first purely chemical, but from his association 
with a great hospital liis attention w*as soon directed to the more clinical aspects of 
biochemistry, much of his work ining concerned with the detection and estima¬ 
tion of abnormal substances in urine. 

His researches include, “A critical examination of methods for the estima¬ 
tion of potassium and sodium in urine and other material of organic origin *' 
(Hurtley & Orton, J. Physiol. 1904, 30, 10), and papers dealing with the 
isolation of produets obtained by the l>enzoylation of urine from cases of 
cystinuria (Garrod & Hurtley, J. Physiol. 1906, 34, 317) and with the supposed 
occurrence of uroleucic acid in the urine from some cases of alkaptonuria 
(Garrod & Hurtley, Physiol . 1907,36,136). These were followed by interesting 
papers on the distillation of butter fat, coconut oil and their fatty acids (Caldwell 
& Hurtley, Trans , Chem. Soc. 1909, 853) and on the interaction of alloxan and 
glycine (Hurtley & Wootton, Trans . Chem . Soc. 1911, 288). In 1913 he published 
an excellent survey of the methods of detecting aeetoacetic acid in urine, in¬ 
cluding a description of a new, very delicate test depending on the formation of a 
highly coloured ferrous salt of tsonitrosoacetone, the depth of the colour giving 
a fairly accurate quantitative value (Hurtley, Ijancet , 1913, i, 1160). This paper 
was followed by one dealing with the physiological action of aeetoacetic acid 
and related substances (J. Physiol Proc ., July 15, 1916). 

His most important piece of work however was upon the 4-carbon acids of 
diabetic urine, an account of which was published in Quart , J. Med. 1915-16,9, 
301-408, In this paper which records an immense amount of very accurate and 
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painstaking work, the effect of different diets on the excretion by diabetic patients 
of /?-hydroxybutyric and acetoacetic acids is described and the toxicity of the 
latter and thoir origin from fats discussed with admirable lucidity. 

This paper was followed by one on the estimation of calcium (Cahen & 
Hurtley, Biochem. J. 1916,10, 308) and another entitled “The oxidation of the 
alkali butyrates by hydrogen peroxide with the production of succinic acid 
(Cahen & Hurtley, Biochem . J. 1917,11, 164) in which it was shown that in the 
oxidation of /S-hydroxybutyric acid more than half was converted into succinic 
acid, the formation of which Dakin (J. biol. Chern. 1908, 4, 77), who had pre¬ 
viously studied the reaction, had failed to observe. 

Hurtley’s work after this time was much interrupted by the great influx of 
medical students on the conclusion of the war but he published a few years ago 
(Allott, Dauphinee & Hurtley, Biochem. J. 1932, 26, 1665) a paper in which he 
described a modified procedure for the estimation of iodine in blood, upon which 
has been based an improved and standardized method for determining small 
quantities of iodine in such substances as blood, milk and vegetable food (The 
Determination of Iodine in Biological substances, His Majesty’s Stationery 
Office, 1935). For some time before his death Hurtley was occupied with the 
separation and purification of the bile acids and working on comparatively small 
quantities of ox-bile, had devised a method by which increased yields of nearly 
all the acids known to occur in it could l>e obtained in a high state of purity. He 
was also writing a monograph on the bile acids for Messrs Longmans, Green & 
Co., which it is to be hoped he has left in such a state that it may be completed 
for publication. 


F. D. C. 



CCL. THE PRODUCTION OF MUCUS 
DURING THE DECOMPOSITION 
OF PLANT MATERIALS. 

III. THE EFFECT OF PARTIALLY AEROBIC 
AND ANAEROBIC CONDITIONS. 

By JAOE8HWAK UOPAL SHRJKHANDE. 

From the Indian Institute of Science, Bangalore , and Tea Research Institute 

of Ceylon, Talawakella. 

(Received 9 June 1936.) 

The conditions necessary for 1 lie production of stickiness in manures described 
in the first two parts [1933,1, 2] of this series were studied chiefly under aerobic 
conditions. While conducting exjjeriments on the applicability of the Edelmist 
process to the composting of town refuse under tropical and sub-tropical con¬ 
ditions, it was thought worth while to follow the production of stickiness under 
partially aerobic conditions. Ragi straw, Eleucinc coracmw, was therefore de¬ 
composed in the presence of different sources of available nitrogen, the carbon- 
nitrogen ratios )>eing adjusted to 30 : 1 and 10 : 1. The amount of mucus pro¬ 
duced was measured by the physical test described in Part I [1933, 1]. No 
attempt was made to analyse the different structural constituents of the straw 
as no correlation was found to exist lx*tween the rates of their disappearance 
and the formation of mucus [1933, 2]. 

Experimental. 

The physical test was conducted on fermented straws obtained under con¬ 
ditions described l>elow. 

Ragi straw was rotted in the presence of a mixed natural flora at 35° with 
the following changes in aeration, intervals of time and adjustment of reaction. 

(1) Initial aerobic fermentation of 14 days followed by loose packing in 
bottles and analysing at intervals of 14, 28 and 56 days. 

(2) As in (1) except that the bottles were tightly packed. 

(3) Completely anaerobic conditions throughout the experiment, attained 
by packing air-tight in bottles and analysing at intervals of 14, 28 and 56 days. 

(4) Completely aerobic conditions throughout the experiment and analysing 
on the 28th and 56th days after commencement. 

(5) Adjustment of the final pH to a constant value independent of the source 

of nitrogen. * 

Technique. 

Ragi straw was chaffed and weighed quantities were fermented aerobically 
in large bottles with different amounts of nitrogen in various forms. The moisture 
content was maintained at about 60 %. After 14 days the contents were weighed 
and distributed into small tottles for subsequent decomposition. Weighed 
quantities of the thoroughly mixed material were taken and packed into bottles 
as required. The bottles were fitted with paraffined corks carrying exit tubes 
and pinch-cocks. The enclosed air for experiments in series II and III was sucked 
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away and the bottles were then incubated at 35°. The pinch-cocks were opened 
at intervals of 3 days to let out the accumulated gases. This process had to be 
repeated more frequently when night soil was used as a source of available 
nitrogen, the fermentation being very vigorous in the first 4 or 5 days. At the 
end of the desired period the bottles were opened and weighed and the contents 
subjected to stickiness test. 

Table 1. Loss of dry matter per 100 g. of original straw and variation in 
stickiness tinder different, conditions of fermentation . 

Series I unrestricted air supply (l T ) followed by partially restricted air supply (PR). 


Time in 

Loss of 

Physics 1 

Time in 

Loss of 

Physical 

days 

dry matter 

test g. 

days 

dry matter 

test g. 


(NH 4 ) 2 S0 4 , 30: 1. 



NaNO a , 30: 1. 


U 0 

0 

_ 

C 0 

0 

— 

14 

14-3 

437 

14 

10 9 

4444 

PR 28 

13-9 

107 

PR 28 

17*2 

3009 

42 

15-2 

0 

42 

27-0 

3140 

70 

26-2 

0 

70 

33* 1 

2850 


(NH 4 ) 2 S<> 4 , 10 : 1. 



NaNO s , 10 : 1. 


U 0 

0 

— 

V 0 

0 


14 

3-6 

0 

14 

0*2 

2009 

PR 28 

7*5 

0 

PR 28 

13*9 

1090 

42 

11-5 

0 

42 

19*0 

2778 

70 

19-9 

0 

70 

27*8 

1997 


(NH 4 ) 2 CO s , 30: 1. 



Night soil, 30 : 1. 


U 0 

0 

— 

U 0 

0 


14 

11*7 

2190 

14 

24*7 

5450 

PR 28 

16-9 

1870 

PR 28 

25-7 

3000 

42 

18*8 

809 

42 

293 

1070 

70 

27*7 

798 

70 

437 

1133 


(XH 4 ) 2 C0 8 , 10: 1. 


Night soiI + (NH 4 ) 2 SO|, 10 

: 1 . 

U 0 

0 

_ 

U 0 

0 

— 

14 

3*6 

0 

14 

19-8 

4370 

PR 28 

12-9 

2049 

PR 28 

10*7 

987 

42 

19*9 

775 

42 

21-1 

923 

70 

27*3 

810 

70 

24*5 

0 


Results. 

Series 1 . Variation in stickiness of manures obtained by a preliminary aerobic 
followed by partially aerobic fermentation . Table I contains figures for stickiness 
and losses of dry matter obtained with such fermentation. The losses of dry 
matter after 14 days of aerobic decomposition are comparable with those pre¬ 
viously recorded but the rate of decomposition appears to slow down as the 
period of restricted supply of air increases. The maximum losses occur with 
sodium nitrate and night soil as the sources of available nitrogen. In both of 
these cases the pH was higher than with ammonium sulphate or carbonate. The 
decomposition, therefore, depends upon the final reaction of the manure. 
Stickiness also runs parallel with the losses of dry matter and the final reaetion of 
the manure. That there exists a relationship between the reaction and stickiness 
can be more clearly seen from the last two sections of Table I. Night soil with 
ammonium sulphate hew produced less stickiness than night soil alone. 
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Table II. Loss of dry matter per 100 g. of original straw and variation in 
stickiness under different conditions of fermentation . 


Series II unrestricted air supply (U) followed by completely restricted air supply (CR). 


Time in 

Loss of 

Physical 

Time in 

Loss of 

Physical 

days 

dry matter 

test g. 

days 

dry matter 

test g. 



(NH 4 ) 2 SO 4 ,30: 1. 



XaXO a . 30: 1. 


1J 

0 

0 


U 0 

0 

— 


14 

i:m) 

.704 

14 

18*9 

0459 

CR 

28 

27-8* 

078 

CR 28 

24*0 

2897 


42 

200 

107 

42 

27*3 

070 


70 

24-7 

110 

70 

29*0 

208 



(NH 4 ) 2 N(> 4 , 10: 1. 



XaXO s , 10: 1. 


V 

0 

0 


C 0 

0 

_ 


14 

14*8 

459 

14 

10*o 

2875 

CR 

28 

23*1 

203 

CR 28 

23*4 

2000 


42 

20*7 

0 

42 

2.7*9 

5.7.7 


70 

29*7 

0 

70 

29*1 

210 



(XH^ctVao: 1. 



Night soil, 30 : 1. 


r 

0 

0 

— 

r o 

0 



14 

23*1 

2871 

14 

21*9 

3.797 

CR 

28 

24 I 

708 

CR 28 

23*2 

1050 


42 

27*0 

171 

42 

23*7 

102.7 


70 

30*8 

0 

70 

28*4 

0 



(XII 4 ),('O a , 10: |. 


N'lftlit -soil -(XH^SO,. 10 

: 1. 

l' 

0 

0 

.. 

V 0 

0 

.... 


14 

lor. 

2344 

14 

18*7 

3049 

CR 

28 

19*8 

1019 

CR 28 

28*2 

889 


42 

22*f> 

0 

42 

30*8 

114 


70 

27*3 

0 

70 

32*1 

506 


* (lone jicrnlm*. 


Incorporation of ammonium sulphate lowers the pH and the greater acidity 
reduces the stickiness* Sodium nitrate and night soil give the maximum 
stickiness. The stickiness obtained on aerobic fermentation gradually disappears 
as the supply of air gets less. This is perhaps due to the amounts of organic acids 
lil>erated during partially anaerobic conditions. The bottles when opened smelt 
of lactic acid. These* points are more clearly brought out in the following series. 

Series II. Variation in stickiness of manure obtained by a preliminary aerobic 
followed by anaerobic fermentation . The contents of the bottles were highly 
foul-smelling and smelt of organic acids, mostly acetic and lactic. The de¬ 
composition is practically of the same order though the rate is lower than in 
Series I. The values for stickiness recorded in Table II are also much lower 
than those in Table I and the rate of fall in stickiness is greater as the period of 
anaerobic decomposition increases. Such differences both in the losses of dry 
matter and stickiness can safely be attributed to the total absence of air. More 
acids are generated during anaerobic fermentation, which destroy the organisms 
responsible for a satisfactory rot and the production of stickiness. Sodium 
nitrate and night soil maintain some stickiness even at the end of 70 days 
because of their comparatively high final pH. It is well established that under 
anaerobic conditions nitrates are rapidly denitrified in presence of organic matter, 
leaving a strong base which serves as a neutralizing agent. Night soil too during 
fermentation in the early stages gives out ammonia which to a considerable 
extent neutralizes these acids* 
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Series III, Variation in stickiness of manure obtained under entirely anaerobic 
conditions . The losses of dry matter and the rate of decomposition as seen in 
Table III are extremely poor when compared with the first two series. The 

Table III. Loss of dry matter per 100 g. of original straw and variation in 
stickiness under different conditions of fermentation. 


Series III. Completely restricted supply of air throughout the experiment (CR). 


Time in 

Loss of 

Physical 

Time in 

Loss of 

Physical 

days 

dry matter 

test g. 

days 

dry matter 

test g. 


(NH 4 ) 2 S0 4 , 30: 1. 



NaN0 # . 30: 1. 


CR 0 

0 

— 

CR 0 

0 

— 

14 

6-9 

0 

14 

3*3 

0 

28 

7-5 

0 

28 

50 

0 

56 

21*9* 

110 

56 

6*9 

0 


(NH 4 ) 2 S0 4 , 10: 1. 



NaNCV 10: 1. 


CR 0 

0 

— 

CR 0 

0 

— 

14 

14*7 

0 

14 

15*3 

593 

28 

17*0 

0 

28 

10*5 

47 J 

56 

16*9 

0 

56 

16*9 

0 


(NH 4 ) 2 C0 8 , 30: 1. 



Night soil, 30 : 1. 


CR 0 

0 

._ 

CR 0 

0 

— 

14 

10*8 

0 

14 

12*8 

116 

28 

9*5 

0 

28 

140 

107 

56 

16*4 

0 

56 

16*2 

0 


(NH 4 ) 2 C0 8 , 10 : 1. 


Night «oil + (NH 4 ) 2 S0 4 , 10 

: 1. 

CR 0 

0 

_ 

CR 0 

0 

— 

14 

21*5* 

670 

14 

14-5 

130 

28 

141 

0 

28 

14 m 

110 

56 

13*5 

0 

56 

19 5 

0 



* Gone aerobic. 




manure was also non-sticky. Results in Table III, when compared amongst 
themselves, show that the maximum loss of dry matter was obtained with sodium 
nitrate and night soil owing to the reaction being more nearly neutral. The 
contents of the bottles were not so foul-smelling as in Series II, but smelt strongly 
of acetic acid. The colour was also peculiarly pale yellow, thus differing from that 
in the foregoing series which was distinctly brown. The complete absence of 
stickiness must, therefore, be ascribed to anaerobic conditions preventing the 
growth of those aerobic types of fungi and bacteria which are mostly responsible 
for the production of stickiness, as has been suggested in Part II [1933, 2]. 

Series IV, Variation in stickiness of manure obtained under entirely aerobic 
conditions. This series was conducted by way of comparison. It has been dis¬ 
cussed in more detail in Part I [1933, 1]. As previously recorded sodium nitrate 
gives the stickiest manure, followed by night soil and ammonium carbonate. On 
comparing all the results of the first three series with those in Table TV it will 
be clear that manure obtained under entirely aerobic conditions is the stickiest, 
whilst manure is absolutely non-sticky when obtained under anaerobic con¬ 
ditions. Presence of a plentiful supply of air is, therefore, an essential condition 
for the production of stickiness in a manure heap. 

Series V, The effect of the modification of the final pH on the production of 
stickiness obtained under various conditions detailed above . The pH in all the 
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Table IV. Loss of dry matter per 100 g. of original straw and variation in 
stickiness under unrestricted supply of air (CJ)—Series IV. 


Time in 

Loss of 

Physical 

Time; in 

Loss of 

Physical 

days 

dry matter 

test g. 

days 

dry matter 

test g. 


(NH 4 ) 2 80 4 , 30:1. 



XaNO„ 30 : 1. 


U 14 

23*0 

200 

U 14 

28*9 

4120 

56 

39*4 

270 

56 

37*5 

7353 


(NH 4 ) f S0 4 , 10 s 1. 



XaXO a> 10: 1. 


V 14 

14*8 

185 

V 14 

10*5 

2689 

56 

390 

210 

56 

371 

7244 


(NH 4 ) 2 CO s , 30 : 1. 



Xight soil, 30 : 1. 


U 14 

23*1 

3450 

r u 

41*9 

5978 

56 

47*4 

4500 

56 

54*3 

6010 


(NH 4 ) a C0 3 , 10: 1. 


Xight wil-r(XH 4 ),SO,. 10 

: 1. 

U 14 

20*3 

3252 

U 14 

18-7 

4856 

56 

54*9 

4553 

56 

36-0 

5873 


bottles fell considerably (luring the course of fermentation. Under restricted 
supply of air, ammonium sulphate gave the lowest and sodium nitrate the 
highest pH. The present series was undertaken to demonstrate the effect on 
stickiness of artificially raising the pH to 9-0 by adding sodium carbonate. This 
pH of 9*0 is usually attained by a sodium nitrate rot which has lost about 40% 
of dry matter in about 5 weeks and is accompanied by a maximum stickiness of 
nearly 7000 g. Table V includes the results of such experiments. No appreciable 


Table V. Effect of the modification of pH on the production of stickiness. 


From series 1 
Katio 30 t 1 


From scries II 
Iiatio 30: 1 


From series III 


(;>H adjusted to 0*0 with Xa 4 C(> 3 .) 




LOSS 




of dry 

Final 

Source of nitrogen 

matter 

pH 

(NH,),SO, 


13*9 

4*8 

(XH,),CO, 


18*8 

5*2 

Na SO, 


27*0 

6*8 

Xight soil 


29*3 

6*2 

(XH 4 ) 8 fS0 4 


200 

4*5 

g&r 


27*0 

27*3 

5*1 

6*4 

Xight soil 


23*2 

6*2 

(NH 4 ) f 8() 4 , 

30: 1 

— 

4*5 

(NH 4 ) t CO a , 

30: i 

— 

5*1 

XaXO # , 10 

: 1 

105 

6*0 

Xight soil. 

30: 1 

14*6 

6*0 


Physical tests g. 


Before y»H 

11 - ’■N 

After /iH 

adjustment 

adjustment 

107 

203 

869 

997 

3140 

3808 

1076 

1300 

107 

276 

171 

549 

676 

1050 

1050 

1529 

417 

500 

107 

110 


increase in the stickiness after adjustment of the pH to 9-0 in any of the samples 
is noticeable. This must be due to the lower losses of dry matter and also to the 
entirely different nature and course of decomposition under partially aerobic 
and anaerobic conditions. 

Discussion. 

The experiments described above suggest that the decomposition of plant 
tissues is much slower under anaerobic than under aerobic conditions. The losses 
in dry matter with narrow C : N ratio are in general more than those recorded 
with wide C: N ratio. This observation is in accord with those of previous 
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workers. Organic acids are generated during anaerobic fermentation the accumu¬ 
lation of which is responsible for the retardation of fermentation and destruction 
of stickiness. Fowler & Joshi [1920] observed depressed fermentation of cellu- 
losic materials when the acid concentration reached a level of 1 %. Experiments 
on anaerobic decomposition of rice straw by Acharya [1935] and the author's 
own results [1933,1] on aerobic decomposition of oat straw show that the change 
is influenced by the reaction during fermentation. A pH of 7*5-8 0 is found to 
be suitable for a satisfactory rot. Non-production of stickiness under partially 
restricted and totally restricted supply of air must be due partly to the strongly 
acid reaction and partly to the different nature and course of the decomposition. 
Anaerobic conditions modify the flora completely. Essentially aerobic fungi and 
mucus-producing bacteria like Spyrochaeta cytophaga , which have been described 
as essential in Part II [1933, 2] for the production of stickiness, do not develop 
under anaerobic conditions. Consequently there is no synthesis of the material 
responsible for stickiness because of the possible absence of interaction between 
fungal tissue and the gum from a bacterium. For a manure heap to be sticky, 
therefore, it must be maintained alkaline and should be kept thoroughly aerobic. 
This will ensure a satisfactory rot with a good growth of fungi and mucus- 
producing bacteria leading to the synthesis of the material responsible for 
stickiness. 

Summary. 

1. Decomposition of Ragi straw, Eleucine coramna, under different conditions 
of fermentation in presence of different sources of available nitrogen has been 
studied from the point of view of stickiness. The results obtained confirm those 
previously recorded [1933, 1,2]. 

2. Strong acidity and a different course and nature of decomposition under 
partially aerobic and anaerobic conditions prevent the development of stickiness 
during fermentation. 

3. Wide C : N ratio produces a greater loss than narrow C : N ratio. High 
doses of nitrogen appear to have no effect on the production of stickiness. 

4. Final adjustment of the pYL to 9-0 with sodium carbonate has practically 
no effect on the stickiness obtained during fermentation. 
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I. ABSORPTION SPECTRA OF TYROSINE, TRYPTOPHAN 
AND THEIR MIXTURES. 

Measubements of the absorption sjiectra of the aromatic amino-acids have been 
frequently reported in the literatim' hnt the results are not in good agreement. 
For purposes evident iu Part n it was required to know the absorption curi es of 
tyrosine and tryptophan with accuracy. Their absorption curves were therefore 
redetermined. The method of Vierordt for estimating spcctrophotomctrically 
the concentration of the components of a mixture was also investigated in its 
application to mixtures of tyrosine and tryptophan. 

Method. 

Absorption measurements were made throughout on a Hilger Medium 
Quartz spectrograph E 31(i (the disjieraion of which is 18-6 cm. from 200 to 
400 rap) with Spekker photometer, using a condensed spark between tungsten 
steel electrodes as light source. The spectrograph was fitted by the makers with 
a wave-length scale which was checked at intervals with the mercury arc. The 
maximum error of the scale between 230-2 and 333-9 mp was found to be 
+ and - 0-2 rap. When exposing a plate on the spectrophotometer the wave¬ 
length scale was printed at the top and the bottom of the plate. The matching 
was made by eye as follows. The plate to be matched was placed gelatin face 
downwards on a piece of glass with a fine cursor line engraved on it at right angles 
to the spectral strips. Owing to the small play which must be allowed for the 
plate in the plate holder the spectra on two plates are not always similarly 
orientated with respect to the edge of the plate. An adjustor was therefore made 
by which the plate could be rotated slightly and the cursor line made to cut the 
wave-length scales at identical readings. The spectra were then viewed through a 
low-power microscope, the plate being moved so that the point at which each 
pair of spectra appeared to match lay on the cursor line. The wave-length at 
which the cursor line cut the scales was then read off. This is a more laborious 
method than the usual one of placing an ink mark below the match point but was 
adopted in order that several sets of matchings could be made on the same plate 
without bias. 

1 Owen Williams Research Scholar. 
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Since it is well known that ions of acids and bases often exhibit marked 
differences in absorption as compared with the unionized forms, the absorption 
spectra were measured at values of pH removed at least 2 units from the pK 
values of the amino-acids. The values for the dissociation constants of tyrosine 
are well established, those of Neuberger [1934] have been taken; for tryptophan 
those of Schmidt et al. [1929]. 

COOH pK —NHj pK —OH pK 

Tyrosine 2-35 9-16 10*41 

Tryptophan 2*38 9*39 — 

The imino-nitrogen of tryptophan has extremely weak acidic and basic properties 
but the dissociation constant is outside the range of useful measurement. 

Accordingly measurements of absorption were made on solutions in water, 
in N /10 alkali and in N /10 HC1. 

Amino-acids . Tyrosine was obtained from three sources, (a) isolated from silk 
according to Morrow [1927]; (6) a gift from Mr Philpot; (c) a commercial sample 
of Hoffmann La Roche. These all gave nitrogen values by Kjeldahl estimation 
between 7*72 and 7*73% (theoretical 7*73). Their absorption curves were 



Fig. 1. I. Tryptophan in N /10 HC1. II. Tryptophan in N/10 NaOH. III. Tyrosine in JV/10 Ha. 

IV. TyroBine in JV/10 NaOH. 

Table I. Molecular extinction coefficients of tyrosine and tryptophan. 


Wave-length In N/10 NaOH e x 10~*. 


m n 

260 

265 

270 

275 

280 

285 

290 

295 

300 

305 

310 

315 

Tyrosine 

1*76 

1*14 

1*08 

1*24 

1*54 

1*96 

2*24 

2*26 

1*89 

1*14 

0*471 

0*182 

Tryptophan 

3*48 

4*33 

4*90 

5*30 

5*43 

4*57 

4*13 

2*17 

1-14 

0-600 0-221 

0*141 

Wave-length 

mp 

260 

265 

270 

In N/10 HQ * x 10-*. 
275 280 285 290 

295 

300 

305 

310 

315 

Tyrosine 

0*50 

1*00 

1*21 

1*24 

1*23 

0*55 

0*16 

0*07 

0*02 

_ 

, _ 


Tryptophan 

4-07 

4-84 

5*33 

5*47 

5*43 

4*33 

3*67 

1*33 

0*50 

0*13 

— 

— 
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identical within the limits of error of the method. Three samples of tryptophan 
were used, (a) a gift from Mr B. C. G. Knight, ( b) a gift from Dr K. G. Stem of a 
sample of Fraenkel and Landau, (c) a preparation of Hoffmann la Roche. The 
absorption curve of tryptophan seems to be very sensitive to the presence of 
impurities. The two commercial samples required recrystallization twice from 
dilute alcohol before their absorption curves agreed with the sample of Mr Knight. 
Further purification yielded no change in the absorption spectrum. Tt is probable 
that the impurities in the commercial samples were decomposition products of 
the tryptophan as they were both some j^ears old. These finally gave colour 
values according to Folin and Ciocalteau [1927] between 88*4 and 88*9% by 
weight of that given by tyrosine (theoretical 88*7). 

The absorption curves of the amino-acids are given in Fig. 1. The actual 
values for tyrosine and tryptophan are summarized in Table I. 


f Determination of tyrosine and tryptophan in mixtures of the. two . 


It is possible to estimate the concentrations of two components of a mixture 
knowing the absorption curves of standard solutions of each component and the 
absorption curve of the mixture provided that they do not interact. The method 
is due to Vierordt [quoted by Twyman & Allsopp, 1934]. 

If E a and E b be the extinction coefficients of the mixture at wave-lengths 
a and b , 

€ la and e 2a be the molecular extinction coefficients of components I and 2 
respectively at A a, 

e lb and e 2b be the molecular extinction coefficients of components 1 and 2 
respectively at A6, 

M x and M 2 be the molar concentrations of components 1 and 2 respectively 
in the mixture, 

then it can be shown that 




Eg € 2b 2 

€ l« c ab “ f 2rt f lb 


( 1 ) 


jf 

€ lo e 2 h € 2a e l6 


( 2 ) 


Given a solution of a mixture of, say, tyrosine and tryptophan it is therefore 
necessary to measure the extinction coefficients of this mixture at two wave¬ 
lengths and to know the extinction coefficients of solutions containing known 
weights of tyrosine and tryptophan. From considerations discussed below it has 
been found that the most suitable wave-lengths are 280 and 305 mp to be 
measured on solutions of tyrosine and tryptophan in alkaline solutions whose 
pH is > 12*0. 

Substituting in equations (1) and (2) the values given in Table I there result 


Jftyroslne —(I’O^aog —0*092 -Bggo) X 10 3 , 

-^tryptophan — (0*21 —0*288 JS7 305 ) X 10~ 3 . 

A test on a series of mixtures of tyrosine and tryptophan is reported in Table II. 


/ Errors of the spectrographic method and of the analysis of mixtures . 

The accuracy of the photographic method of spectrophotometry as here 
employed depends on the reproducibility of blackening of neighbouring small 
areas of a photographic plate as a result of equal exposures. This has been shown 
to be 5% of the light intensity under favourable conditions [cf. Weigert, 1927]. 
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This corresponds to an absolute error in E of 0*02. Von Halban & Eisenband 
[1927] put the error higher at 0*04 E . Besides this error there is that of matching. 
To assess this, 32 matchings were made at each of two points on a typical plate 
chosen at random. Some time was allowed to elapse between matchings to avoid 
eye strain or any possibility of remembering the spectral structure of those 
regions. Matchings were made alternately with the plate one way up and then 
inverted. It was found that there was a systematic difference between matchings 
made with the two orientations of the plate, the magnitude of which was very 
different with different observers, being large with the inexperienced and 
becoming almost negligible with practice. The eye appears to give preference of 
blackening to the lower of the pair of spectra in view. It is for this reason always 
advisable to match a plate in both ways. It was found that for the 32 matchings 
the standard deviation (a) at 281*7m fi was 0-288m^t and at 301*6m fx was 
0*259m/a which in each case corresponded to a standard deviation in extinction 
(oE) of 0*005 E. Taking an arbitrary value of 3 x crE as the maximum error then 
this error of matching is ±0-01 5E. It may therefore be conservatively stated 
that the error of the visual match point method of spectrography is less than 
± 0*0 55E for a single matching. By ensuring that the E measured is as high as 
possible the relative error is reduced. With the Spekker photometer densities up 
to 2*0 can be measured and it has been the practice in this work to arrange the 
concentration and thickness of the absorbing layer so that the density at the 
desired wave-length shall be greater than 1*0. It was more usually >1*5 and in 
the cases of the measurements given in Table I was always so. The values there 
given are the average of 6 matchings on each of 4 plates, i.e. 24 matchings for 
each point, and have a standard error of 0*003 E. 

The manner in which errors in measurement of the extinction coefficients 
of a mixture and in the values for the molecular extinction coefficients of the 
components are transmitted to the values obtained for the concentrations of the 
components in the mixture has been calculated by Mr J. St L. Philpot (private 
communication) to whom I am grateful for the following solution. It can be 
shown that in equations (1) and (2), the variances of M v i.e. (ar 2 M t ) 9 and of M 2 , i.e. 
(cr 2 M 2 ), are determined as follow’s: 


M/ (TTflB 

where a=^=4, /3=^=;, 

€ ia f € 2b V 

and ^Ea „»=<*** and A a , .,*==0*8;. 


(3) 

(4) 


It follows that errors in M 1 and M 2 are more dependent on errors in E than on 
errors in €. Further, in order that the errors in M 1 and M 2 shall be small it is 
required that (a—j3) a and (tj—rj) 2 shall be large. This is fulfilled in the case where 
the wave-lengths a and b are chosen on opposite sides of that wave-length at 
which the absorption curves of the two components cross one another. It will 
followthat if otis > 1 then £ and /J will be < land rj > 1. The curves of tyrosine and 
tryptophan in acid solution do not cross at any point but the curves of equimolar 
solutions in alkali cross at 294*5m/x. The two wave-lengths 280mp, and 305m fi 
have been chosen to give the maximum reversal in the value of €j€ 2 consistent 
with accurate measurement. 
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From Table I 


a=0-284, 
£=3-53, 


0=2-31, 
r/ = 0*432. 


As an example of the application of this to the analysis of mixtures the case of a 
mixture of tyrosine and tryptophan in the molar ratio 3 : 1 is taken. 
Substituting for a, j8, £ and vj in equations 3 and 4 we get 

^-’- = 1 - 8 c 7 £ 2 + 1-37 a*, 

tyrosine 

and =5.8V+3-21CT, 8 . 

tryplMplntn 

a € has been estimated as 0*003 and as 0*012. Inserting these values 


q J/tyrom m 
■^tyrosine 


= 0*014 


tryptophan __ 
tryptoplirin 


giving an error of about ± 4 % of tyrosine and ± 8 % of the tryptophan con¬ 
centrations. 

As an example may be quoted the findings of an actual experiment. Two 
solutions were made up in iVyiO NaOH : (a) tyrosine 0*785 x 10“ 8 3/, (b) trypto¬ 
phan 0*33 x 10~ 3 M. These were mixed in the proportions a : 6 = 3 : 1, 1: I and 
1 : 3 and the absorption curves of the five solutions measured. Table TT shows 
found and calculated concentrations of tyrosine and tryptophan expressed in 
terms of 10 8 M. The maximum error in any of the values obtained is -f 5*0% 
for tyrosine in mixture a h— 1. This compares favourably with chemical estima¬ 
tion of tyrosine and tryptophan in mixtures. 




Table 11. 




Solution 

sc 

il 

*,6 = 1:1 

ajb = 1:3 

b 

a 

Tyrosine: Found 

0*59 

0-412 

0*195 

— 

0*793 

(-ale. 

0*589 

0*392 

0*196 

— 

0*785 

% error 

+ 0*2 

+ 5*0 

-0*5 

— 

+ 0*1 

Tryptophan: Found 

0*080 

0-162 

0*248 

0*340 

— 

("ale. 

0*083 

0-166 

0*248 

0*330 

— 

% error 

+ 3*6 

+ 2*4 

0*0 

+ 0*3 

— 


Concentrations are given in molarity x It)"*. 


II. ESTIMATION OF TYROSINE AND TRYPTOPHAN 
'' IN PROTEINS. 

Dh6r6 [1909] suggested that the selective character of the absorption spectrum 
of proteins was due to the contained aromatic amino-acids. Stenstrom & Rein- 
hard [1925] showed that a solution containing tyrosine and tryptophan in con¬ 
centrations calculated from the values of Abderhalden and Kiyotaki for blood 
serum proteins gave an absorption spectrum very similar to that of serum. They 
also showed that when a simple solution of tyrosine was made alkaline the absorp¬ 
tion curve was shifted towards longer wave-lengths and that the same occurred, 
though to a lesser extent, on making serum alkaline. Smith [1929] and Coulter 
et ah [1936] have also pointed out the dependence of the selective absorption of 
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proteins on the contained aromatic amino-acids. No quantitative measurements 
of this dependence are to be found in the literature. 

Since it was desired in this laboratory to estimate tyrosine and tryptophan 
in small quantities (5 mg.) of protein, the spectrophotometric method was 
investigated as a means to this end. Such application can only be successful 
(a) if the absorption spectra of the aromatic amino-acids are not altered by com¬ 
bination in the protein, and (6) if it is possible to select a region of the spectrum 
where only tyrosine and tryptophan absorb. It is obvious that if a region can be 
found where only one of them absorbs, then that one may be estimated directly 
by comparison with a standard solution. Inspection of the absorption curves of 
amino-acids recorded in the literature [Guthmann et al. 1931; Abderhalden et al . 
1927; 1928; 1929; Ward, 1923] shows that a region* can be found (> 280m/x) 
where tyrosine and tryptophan are the only absorbing amino-acids. Further, 
there is evidence to show that a ehromophoric group is only affected through a 
system of conjugated double bonds, and that combination of an absorbing 
molecule with a much larger but transparent molecule is possible without 
altering the absorption [Holiday, 1930; Arnold & Kistiakowsky, 1932; Gulland 
et al. 1934]. It is therefore feasible that the absorption of tyrosine and trypto¬ 
phan should not be altered by peptide linking in a protein molecule, since there 
is no conjugated double bond system linking the ehromophoric group (aromatic 
nucleus) with the site of substitution (—NH 2 or COOH groups). Abderhalden & 
Haas [1927] have shown that the absorption spectrum of glycyltyrosine is identical 
with that of tyrosine. If this condition be fulfilled in a protein, then its absorp¬ 
tion spectrum will be identical with that of a simple mixture of its contained 
amino-acids, and 

(1) hydrolysis of protein should not lead to any change of absorption; 

(2) application of the method of spectrophotometric analysis of mixtures 
detailed in the previous section should give values of concentrations of tyrosine 
and tryptophan agreeing with those obtained by chemical determination. 

Below are reported results obtained by the chemical and spectrophotometric 
methods. From considerations discussed in Part i it was found that alkaline 
solutions of proteins (N/10 NaOH) were the most suitable for the measurements. 
An additional advantage is the fact that most proteins are quite soluble in 
Nj 10 NaOH. 

Experimental. 

The source of the proteins . The serum proteins were prepared from horse 
serum, using the method of Groh & Weltner [1934], in which the serum is diluted 
10 to 20 times before precipitation with ammonium sulphate. Besides giving 
sharp fractionation the samples of euglobulin and pseudoglobulin are remarkably 
free from pigment, as compared with those obtained from undiluted serum. The 
euglobulin is that fraction which separates out on dialysing total globulin and 
which redissolves in 0-9% saline. The pseudoglobulin is the distilled water- 
soluble fraction precipitated from serum diluted 10 times with distilled water by 
40% saturation with ammonium sulphate. The albumin is the further fraction 
obtained by complete saturation with ammonium sulphate. The fractionation of 
the total globulin was repeated 3 times. All samples were dialysed 7-10 days 
against distilled water, until the dialysate had been negative 2 days to Nessler 
reagent. One serum N. IV had been extracted with ether-alcohol according to 
Hardy A Gardner [1910] as modified by Hewitt [1927]. Exoept for N. Ill and 
N. IV the serum proteins had not been brought to dryness. Concentrations were 
estimated by N determination by the micro-Kjeldahl method of Parhas So Wagner, 
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using the factor 6*45 to convert to protein. The gliadin was prepared by the 
method of Dill & Alsberg [1925] and the caseinogen according to the method of 
Van Slyke & Baker [1918], with the further extraction of the caseinogen with 60% 
alcohol. This extraction removed an appreciable amount of protein and it is to 
be noted that the tryptophan content of the extracted protein is considerably 
lower than before extraction. The two samples of zein were a gift of Dr A. 
Neuberger. The sample of crystalline insulin examined was a product of 
Messrs Burroughs and Wellcome. The gelatin was an ash free sample of Eastman 
Kodak, Ltd. 

The concentration of tyrosine and tryptophan in various proteins determined by 
the spectrophotometric and, chemical methods . Absorption curves of proteins were 
determined on simple watery solutions (when soluble) and on solutions in Nj 10 
NaOH. In the case of the serum proteins the concentration was determined by 
estimation of total N; in other cases weighed quantities of the dried sample were 
dissolved to give concentrations varying between 0-1 and 0*2%. In order to 
reduce errors the value of the density measured was always made > 1 0, and in 

Table III. 


Tyrosine Tryptophan 


Protein 

Spect. 

Cliein. 

Spect. 

('hem. 


Horse serum cuglobulin 

: 





N. E. G. IV 

7-7 

6-9 

2-3 

21 

Dried preparation 

IV 

7-5 

7*2 

2-3 

2*2 

Dried preparation, second 
separation 

V 

6*0 

— 

2*8 

— 

— 

VI 

6*8 

.... 

2*9 

— 


Horse serum pscudoglobulin: 





X. P. G. I 

6*25 

— 

3-2 

— 

-- 

IF 

0-4 

— 

2-8 

— 

— 

III 

5*6 

6*9 

2-8 

2-7 

Dried preparation 



7-2 



IV 

5*8 

5*7 

2*6 

2-1 

Dried preparation 

V 

512 

— 

2*6 

- 

— 

VI 

5*3 

— 

2-7 

— 

—• 

Horse serum albumin: 






1A 

(6*3) 

5-5 

(0-82) 

0*94 

— 


7-46 


0-6 



2A 

(6-45) 

6-23 

(0-79) 

0-63 

— 


8-3 


0-65 



Caseinogen: 






A & B 

6-95 

6-2 

1*02 

M 

— 



6*4 


1-0 




5-7 


0-8 



7-5 


1-26 

— 

— 

V. S. Sc B. 

6-7 

— 

1*04 

— 

Aee. to Van Slyke & Baker 

V. S. & B. E. 

6*45 

6*55* 

0*85 

1*4* 

Ace. to Van Slyke & Baker 
but extracted with ether 
and 60% alcohol 

Gelatin 

0*46 

(0-20) 

— 

0*05 



Gliadin 

(3*4) 

3*1 

(0*05) 

0*84 

— 


3*4* 


114* 



4*3 

— 

0*66 

— 


Zein 

(6*3) 

5*9* 

— 

0-17* 

— 


10*0 





Insulin 

12*7 

12*0t 

0*0 

— 

— 


♦ Given by Folin & Ciooalteau [1927]. t Given by Jensen & Wintersteiner [1932]. 
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most cases was > 1*5. Plates were matched as described in Part i, and the 
extinction coefficients (E) of the alkaline protein solutions at 280*0 m/x and 
305*0 m/x determined. Substituting these values in the equations previously 
given, values for molar concentration of tyrosine and tryptophan in the 
solution examined were obtained from which could be calculated the percentage 
by weight of the free amino-acids in the protein. 

The results are given in Table III, together with the results of chemical 
analysis. The chemical estimations were made exactly as described by Folin & 
Ciocalteau [1927] except that 0*1 g. quantities were taken for the analysis. The 
estimations were not very satisfactory on such small quantities as shown by the 
divergence of duplicated results. 


-"Discussion of results. 

Except in the case of N.P.G. Ill the values for tyrosine are all higher in 
varying degree than those obtained by chemical determination. Where the 
discrepancy is large, as in the samples of albumin, gliadin and zein, it can be 
attributed to the interference of pigment. These samples were all considerably 
coloured. It is to be noted that this interference does not disturb the tryptophan 
values to the same extent. The reason for this lies in the form of the equations 
for the derivation of the concentration of tyrosine and tryptophan: 

M tyrosine — l‘9-®305“ 0*092 E 2S0 ; 

M\ tryptophan = 0*21 i^go “ 0*288 E 3 q 5 . 

If IE m . 0 and IE 2m . 0 be the extinction coefficients at the two wave-lengths due to 
interfering substances, then the error in molar concentrations (IM) will be: 

tyrosine “ 1*0 IE^ 0*092/A 2 80» 

IM tryptophan = 0*21 IE^ — O^HSIE^ . 

In the case of most proteins examined the pigment impurities show “general” 
absorption gradually increasing with decrease in wave-length, so that lE 2m is 
only slightly greater than IE m . The difference is such that IM tryptophan is 
very small, whereas IM tyrosine is approximately 0*9 IE m . To correct for this 
it has been found possible to estimate IE m on solutions of proteins soluble in 
water or dilute acids. In neutral solution or acid solution a mixture of tyrosine 
and tryptophan shows no absorption beyond 310*0m/x. The absorption of a 
protein solution at this wave-length has therefore been taken as an estimate of 
IE m . It has been found that solutions of pigment-free proteins which show 
little light scattering give a very small value for IE mb (limits 0-02-0*06). With 
the proteins gliadin, zein and serum albumin IE m may be as much as 0*4. 
Tyrosine values corrected in this manner are given in the table in brackets. 
These corrected values are not so reliable as those obtained from pigment-free 
protein solutions. 

A final check of the values obtained can be made by comparing the summation 
curve of tyrosine and tryptophan in the concentrations found with the absorp¬ 
tion curve of the protein. Such a summation curve should approximate olosely 
to that of the protein at wave-lengths longer than 275m/x; at shorter wave¬ 
lengths than this the protein curve will exceed the summation curve owing to the 
absorption of other amino-acids. It should also be noted that at no wave-length 
should the extinction coefficient of the summation curve exceed that of the 
protein curve by more than the experimental error, i.e. 0*05 J7. If this should be 
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found to occur the presence of interfering substances may be suspected, for which 
it may or may not be possible to introduce a correction. No difficulty was 
experienced in fitting the curves, except where there was much pigment. 
A small correction was required in the curves of most serum proteins for the 
general absorption due to scattering of light. Such solutions generally show 
visible opalescence in concentrated solution (3-5 %) but none in the concentra¬ 
tions here used (0* 1-0*2%). There is, however, even with the clearest dilute 
solutions, some scattering of ultraviolet light which must be corrected for. 

From the results reported in this paper it is concluded that by the spectro- 
graphic method it is possible to arrive at a good estimate of the tyrosine and 
tryptophan concentrations in a protein. This method has the advantages over 
the chemical methods of requiring only about 5 mg. of protein, of being much less 
laborious and subject to small risk of failure in contrast to the case where 
alkaline hydrolysis must precede estimation. 

, Summary. 

1. The absorption curves of tyrosine and tryptophan have been measured 
between 260 and 305mp in acid, neutral and alkaline solutions. 

2. The spectrophotometrie method of estimating their concentrations in 
mixtures of the tw o is described and the errors of the method discussed. 

3. The estimation of tyrosine and tryptophan in proteins by the spectro- 
photometric method is described. 

4. The results are compared with those derived from chemical analysis. 

5. The errors of the method and a means of correcting for pigment impurities 
are discussed. 

I wish to express my thanks to Mr W. Weinstein for his technical assistance. 
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CCLII. THE USE OF SOME MICRO-ORGANISMS 
IN SUGAR ANALYSIS. 

II. THE QUANTITATIVE DIFFERENTIATION 
OF FRUCTOSE AND MANNOSE. 

By THOMAS FREDERICK NICHOLSON. 

From the Department of Pathological Chemistry , University of Toronto , 

Toronto , Canada. 

(Received 3 July 1936.) 

In a previous paper [Harding & Nicholson, 1933] a system of carbohydrate 
analysis by the use of certain micro-organisms was described. The method made 
possible the quantitative analysis in dilute solutions of mixtures of glucose, 
galactose, sucrose, maltose, lactose and fructose and/or mannose. Unfortunately 
the differentiation of fructose from mannose was not possible by the use of the 
biological reagents employed at that time. 

Kendall [1923] reported Micrococcus tetragenus (Gaffkya tetragena) as pro¬ 
ducing acid from glucose, fructose and galactose but not from mannose, lactose 
or saccharose. 

Gaffkya tetragena 1 was found to be suitable for use as an agent for the 
removal of glucose and fructose. By the use of G. tetragena , P. vulgaris and 
M. krusei it was possible to differentiate glucose, fructose and mannose. 

The use of G. tetragena in the estimation of fructose and mannose. 

The experimental methods used were the same as those used in the previous 
paper [Harding & Nicholson, 1933]. 

Fermentative properties. G. tetragena ferments glucose, fructose and galactose 
with the production of acid but no gas. The fermentation of galactose is very 
slow, but little acid being produced at the end of 72 hours’ fermentation. 

Removal power. 1 g. wet weight of the packed organisms removed 1 mg. of 
glucose or fructose from 10 ml. of solution. No removal of mannose, maltose, 
sucrose, lactose, arabinose or xylose occurs under the conditions employed. 
Although the organism ferments galactose, no removal of this sugar by G. 
tetragena takes place during the incubation period used for the removal of 
glucose and fructose. 

Culture. The bacteria are grown on Hartley’s broth for 23 hours at 38°, then 
transferred to the surface of a neutral 2 % glucose-glycerol agar and incubated 
at 38° for 48 hours. The methods for separating, washing and keeping the 
cultures of G. tetragena are the same as those used for P. vulgaris [Harding & 
Nicholson, 1933]. 

Estimation of fructose. 2-0 ml. of a 50 % suspension of G. tetragena are placed 
in an aluminium tube and centrifuged in the Lundgren angle centrifuge. The 
supernatant fluid is poured off and the adherent moisture removed from the 
tube by filter paper. The solution to be tested is adjusted to pH 6-5-7-0 and 10ml., 

1 Obtained from the American Type Culture Collection, the John McCormick Institute for 
Infectious Diseases, Chicago. 
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containing not more than 1*0 mg. of glucose and fructose, are added to the tube, 
the bacteria are thoroughly mixed with the solution by means of a thin glass rod 
and the mixture is incubated at 38° for 30 min. The organisms are then removed 
from the solution, by the methods described for P. vulgaris [Harding & Nicholson, 
1933J. Ammonium salts if present are removed as Mg(NH 4 )P0 4 by the addition 
of KH 2 P0 4 and MgO [Harding & Downs, 1933]. The reducing value of the solu¬ 
tion before and after the action of G. tetragena is determined using the requisite 
water controls. In the absence of glucose the difference between the total and 
residual sugar represents fructose. In the presence of glucose the removal figure 
represents the sum of the glucose and fructose. The glucose is then determined 
[Harding & Nicholson, 1933) and the difference between the reducing value of 
the sugars removed by G. tetragena and the reducing value of the glucose repre¬ 
sents fructose. 

Estimation of mannose. Since G. tetragena removes glucose and fructose and 
M. krusei removes glucose, fructose and mannose [Harding & Nicholson, 1933], 
the reducing value of the mannose present in a solution may be obtained by 
subtracting the reducing value of the residual sugar left after the action of 
M. krusei from that left after the action of G. tetragena . The details of the 
analysis of a known mixture of glucose, fructose and mannose are shown in 
Table 1. 

G. tetragena can be used directly on Folin-Wu blood filtrates, in the same 
manner as outlined above for aqueous solutions of glucose, fructose and mannose. 

Table I. Determination of glucose , fructose and mannose. 

Amounts taken 

r> mg. of glucose in 100 ml. solution: 2 ml. require 0-86 ml. 0*005 X iodine 
5 mg. of fructose 0-84 ml. „ 

5 mg. of mannose „ „ (M2 ml._ „ 

Total reduction: 2 ml. require 2-12 ml. „ 

ml. 0*005 X I 
for 2*0 ml. solution 

Total reduction found 2*10 

Reduction after P. vulgaris 1*26 

2*10 - 1-26—0*84 -.-4*88 mg. glucose removed by P. vulgaris 

Reduction after G. tetragena 0*43 

1*26-0*43-0*83 -4*94 mg. fructose removed by G. tetragena 

Reduction after M. krusei 0*02 

0*43 - 0*02 = 041 —4*82 mg. mannose removed by M. krusei 

The amounts of wet washed organisms used and the time of incubation arc those given in 
Table 1 [Harding & Nicholson, 1933] and the paragraph Removal power” in this paper. 

* Data from Table I [Harding & Downs, 1933.] 

The, estimation of f ructose and mannose added to urine. Although G. tetragena 
cannot be used on urines cleared with Lloyd’s reagent, basic lead acetate or 
HgS0 4 -BaC0 3 [West et at., 1929] as the action of the organisms produced a 
definite increase in the reducing value of the filtrates, satisfactory results may 
be obtained if the urines are cleared with basic lead acetate followed by HgS0 4 - 
BaCO s [West et al., 1929] and the analysis carried out on solutions of the sugars 
precipitated from such filtrates by a modification of Salkowski’s [1879] copper- 
lime method [Archibald, 1935; Harding et al., 1936]. 

Table II shows the recovery of added fructose and mannose from fasting 
human urines treated in the manner just described, the sugars having been added 
to the urines before the clearing processes were started. 
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Table II. The recovery of fructose and mannose added to “ fermented'* urine 

specimens . 

Two-hour fasting specimens were treated with S. marxiams to remove the “fermentable 
sugar”. A sufficient amount of a solution containing 100 mg./lOO ml. of fructose and 200 mg./ 
100 ml. of mannose to give the desired percentage of sugar was then added. This urine + sugar 
was taken as the urine specimen and dilutions of the final solution were calculated to it. 

Sugar in final solution, mg./lOO ml. 


t - K -*\ 




Sugar added to original 

Fructose 

Mannose 


Dilution 

urine, mg./JOO ml. 

,-^ 

Esti¬ 

A 

r 



of final 

t -^ 

Theo¬ 

Theo¬ 

Esti¬ 

Urine 

solution 

Fructose Mannoso 

retical 

mated 

retical 

mated 

1 

1: 0*61 

2-5 5 

4*0 

3*9 

8-0 

7-8 

2 

1: 1-66 

7-7 15-5 

4-7 

4*6 

9-3 

9-6 

3 

1: H7 

2*5 5 

2*2 

2-J 

4-3 

42 

4 

1:1 

5 10 

5-0 

5-1 

10-0 

10-4 


SUMMAKY. 

The use of G. tetragena affords a ready means of separating fructose and 
mannose when present in dilute solutions. 

Combining its use with that of P. vulgaris and M. krusei it is possible to 
analyse mixtures of glucose, fructose and mannose and to recover added 
fructose and mannose from blood and urine filtrates. 

The use of G. tetragena necessitates a slight revision in the scheme of analysis 
for sugar mixtures published by Harding and Nicholson [1933]. 

A summary of the steps in the revised analysis follows: 

A. Estimate glucose, fructose and mannose by M. krusei. 

B. Estimate galactose in residual fluid from A by S. rmrxianus. 

C. Estimate glucose and fructose by G . tetragena 

A —C = mannose. 

D. (In absence of galactose) estimate glucose by P. vulgaris 

C—I) = fructose. 

E. (In presence of galactose) estimate fructose and mannose in residual 
fluid from D by M. krusei 

A—E=glucose; E —mannose=fructose or C—glucose = fructose. 

The thanks of the author are due to Mr C. E. Downs and Miss R. Welsh for 
technical assistance. 
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An ultracentrifuge study of the action of papain on egg albumin was made in 
this laboratory [Svedberg & Eriksson, 1933; 1934], but with the centrifugal forces 
and methods of measurement then available it was not possible to separate 
effectively the digestion products obtained. It was therefore thought advisable 
to use the improved apparatus now in the laboratory to extend these observa¬ 
tions. As the ultracentrifuge data still proved insufficient for definite conclusions 
measurements were also made by other physical methods. 

Experimental procedure. Tin* egg albumin was prepared by Sorensen’s 
method [Sorensen, 1917: Sorensen & Hoyrup, 1918]. It was crystallized three 
times, dissolved and dialysed against distilled water, and then eleetrodialysed. 
The solution was evaporated in vacuo over sulphuric acid and over phosphorus 
pent-oxide, and stored in the dry state in the dark. 

The papain used was Merck’s Papainotinum 1 : 350. Its activity was tested 
according to directions given by Willstatter & Grassmann [1924] and found to 
give results comparable with theirs. 

The papain activation with HCN and the treatment of the digestion mixture 
of papain and egg albumin were carried out in the manner recommended by 
Willstatter & Grassmann [1924: 192t>]. All digestion was done at 40° in acetate 
buffer of 5*0. The j>apain solution was in each case activated at 40° for 
2 hours before it was added to the egg albumin. Two different sets of concentra¬ 
tions of digestion mixture and protein solution were used: (a) those used by 
Willstatter & Grassmann for papain activation tests (only slight digestion occurred 
with these proportions so they were not used in later work), and (b) those con¬ 
centrations used by Willstatter & Grassmann in egg albumin digestion. These 
concentrations were as follows: 


(a) 

4*8 % egg albumin 
0-12% papain 
0*24% l^drogen cyanide 
0-04 iV acetate buffer 


<« 

4-0 % egg albumin 
0-3% papain 

01 % hydrogen cyanide 
0-02 N acetate buffer 


To prevent continued digestion solutions were kept at 4° after removal from the 
digestion oven. Further, the HCN was removed by reducing the air pressure 
above the solution; this was done over a water-bath to minimize solution 
evaporation. All dialysis took place at 4°. 

I. UUracentrifuge measurements. Descriptions of the theory and technique 
of ultracentrifuge experiments and details of the methods of calculating the 
results have already been given [Svedberg, 1933; McFarlane, 1935]. The 
absorption method of measurement was only used with undigested solutions and 
as a means of testing whether digestion had occurred. It requires far less time 
for the calculation of results than the refractive index method, but the latter is 
much more suitable for the separation of components of a mixture. 

1 Holder of Eoyal Society of Canada Fellowship. 
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The solutions used for centrifuge analysis contained 0-02 N acetate buffer 
-pH 5*0, 0 -2N sodium chloride, and approximately 1 % protein. The sodium 
chloride was added to suppress the Donnan effect produced when charged 
particles move through a liquid under the action of a centrifugal field [Tiselius, 
1932]. 

It was found that the papain caused the egg albumin to break up into two 
fractions. There was no observable change in the nature of these two fractions 
with length of time of digestion, only in their proportions. The concentration of 
the lighter fraction increased at the expense of the heavier one as digestion pro¬ 
ceeded until the latter had completely disappeared. 

The sedimentation diagrams of the heavier fraction showed no asymmetry 
indicative of heterogeneity. Its average sedimentation constant (S*,) 1 was 3-30, 
but the deviations of individual values were a little larger than would have been 
expected from a consideration of the experimental errors involved. This suggests 
that the fraction was a mixture of materials with nearfy equal sedimentation 
constants, the composition differing slightly under different conditions. The 
accepted value for the sedimentation constant of undigested egg albumin is 
3-55. The results are shown in Table I. 


Method of 
measurement 
(absorption 
or ref. index) 

Digestion time 
hours 

Table I. 

S ao x 10 18 sec. 

Remarks 

A 

0 

3-59 


RI 

0 

3-49 

Average 3-54 

RI 

45 

(Heavier component.) 

3-291 

Digestion proportions (a) 
(Only slight digestion occurred 
with these proportions) 

A 

45 

3-22} 

Same solution 

A 

93 

3-25 

_ 

RI 

117 

3-201 


A 

117 

3-27) 

Same solution 

A 

120 

3-20 

— 

RI 

0-5 

3-40 

Digestion proportions ( b) 

RI 

5 

3-36 

— 

RI 

19-5 

3-311 

Same solution 

A 

19-5 

3-14} 

RI 

24 

3-14 

_ 

RI 

• 24 

3-49? Sj 

_ 

RI 

24 

3-58? S 2 

— 

RI 

43 

3-32 S, 

, 

RI 

43 

3-41 S 2 

82 = $! with the light component 

RI 

45 

3*33 

removed by dialysis 

RI 

45 

3-38 S 2 

_ 

RI 

48 

315 

— 


Even centrifugal forces 410 x 10 3 times gravity were not sufficient to cause 
the peak of the sedimentation curve of the lighter fraction to break away from 
the meniscus, i.e. the material was so light that the sedimentation diagrams 
obtained were those of the early stages of sedimentation equilibrium rather than 

1 Sso sedimentation velocity in pure water at 20° under unit force. It is always expressed in 
units of 10~ 13 seconds. 
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of sedimentation velocity experiments. It was therefore not possible to compute 
a sedimentation constant for this fraction, but calculation showed that it must 
be less than 0-2. The lighter fraction passed through a cellophane membrane 
so that it was possible to separate the two fractions of the digestion mixture by 
dialysis. This effect is illustrated in Figs. 1 and 2. Fig. I shows a sedimentation 



Fig. 1. Fig. 2. 

diagram for a solution digested for 45 hours; Fig. 2 shows a corresponding 
Redimentation diagram for the same solution after the light component had 
been dialysed away through a cellophane membrane. 

The light component gave no precipitate with salicylsulphonic acid, a slight 
precipitate with lead acetate, and a dense one with phosphotungstic acid. 

Previous experiments had shown that keeping the egg albumin at 40° had no 
efFect on its behaviour in the ultracentrifuge, nor had treating it with unactivated 
papain. 

Except when the time of digestion was less than 5 hours, a reference scale 
made with a solution containing no papain gave better (i.e. more horizontal) base 
lines in the sedimentation diagrams than a reference scale made with a solution 
containing papain in the concentration present in the digestion mixture. This 
suggests the possibility that the material contained in the papain preparation 
was combined with the egg albumin molecules. No evidence could be found of 
heavy albumin-papain particles but their numl)er would be so small and their 
weight such as to make separation from the principal component in the sedimen¬ 
tation diagrams very difficult. From reference scales made with and without 
papain it was possible to deduce that the sedimentation constant of the papain 
preparation was about 2-8. 

II. Refractive index measurements. The purpose of these measurements was 
to study quantitatively the time variation of the relative amounts of the two 
fractions of digestion products. Seven samples of the same egg albumin-papain 
mixture (digestion proportions (b)) were placed in an oven at 40° and removed 
after various lengths of time of digestion. The two fractions in each sample were 
separated by dialysis through cellophane membranes. The refractive index 
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differences between each of these solutions and a standard buffer solution were 
measured with a Pulfrich refractometer (A=546 mp). Assuming these refractive 
index differences to be proportional to the concentrations the total amount of 
material in each solution was calculated. This assumption is not strictly justified 
[v. Hand, 1935]. The increase during digestion in the apparent total amount of 
material present is probably attributable to variations in refractive increment. 
The results have been plotted in Fig. 3. 



Fig. 3. 


As digestion proceeded the proportion of the lighter fraction increased at the 
expense of the heavier one. The process was a linear function of the time of 
digestion except for a short initial period, not greater than 5 hours, during which 
the action was somewhat more rapid. 

III. Diffusion measurements. The diffusion apparatus was that developed by 
Tiselius & Gross [1934] and by Lamm & Poison [1936]. The method of measure¬ 
ment was of the refractive index type similar to that used to measure concen¬ 
tration gradients in the ultracentrifuge. Series of experiments were made using 
solutions digested for various lengths of time and carefully separated into two 
fractions by dialysis through cellophane membranes. All experiments were made 
at 20° in acetate buffer 0*02 N pH 5*0. Sodium chloride (0*2 N in most cases) 
was used to depress the Donnan effect. The protein concentration was approxi¬ 
mately 1 %. 

The homogeneity of the diffusing materials was tested by comparing con¬ 
centration distribution curves with the corresponding ideal diffusion curves 
calculated by means of the formulae developed by Pearson [1894]. The diffusion 
constants (D') were calculated from the ideal curves using equation (1) 


Z>' = 


s (t* )■ 


(!)• 


fj, = half the distance between the two inflexion points. The position of the 
inflexion points was obtained by dividing the maximum height of the curve by 

V e - 

<=the time since diffusion started. 

Z=the optical distance from the scale to the camera objective. 

6=the optical distance from the scale to the centre of the diffusion tube. 

These values were corrected for the visoosity of the salts present in the 
solution by means of equation (2) 

D=D'%- .( 2 ). 

n to 

n,=the viscosity of the solvent at 20°. 
n tt =the viaoosity of distilled water at 20°. 
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For comparison with the values for the light component, the diffusion con¬ 
stants of two amino-acids and one tripeptide were measured. For these experi¬ 
ments no buffer solutions were used, but the materials were dissolved directly in 
freshly boiled distilled water in order to be as nearly as possible at their iso¬ 
electric points. As the magnitude of the charge on the particles was not known, a 
high sodium chloride concentration (0*5 N) was used to suppress Donnan effects. 

Table II. 

Time of diffusion 


Material 

hours 

IY 

D x 10 7 em. 2 /sec. 

Light component: 




36 hours 1 digestion 

1 

61 *3 

524* 

4 

50-4 

46 hours 1 digestion 

3 

44-7 



5 

471 

46-6 

70*5 hours 1 digestion 

2 

67-2 


3 

55-3 

56-5 

70*6 hours 1 digestion 

2 

54*2 

56*8 

Heavy component: 




27 hours’ digestion 

13 

7-52 


21 

7-71 

7-80 

36 hours’ digestion 

20 

8-24 


24*5 

8*15 

8*20 

44-6 hours’ digestion 

9 

8-38 


19 

8-42 

8-40 

Glycine (mol. wt. 76) 

10 

91-3 


1-5 

85-8 



1-75 

84-6 



2-5 

85-7 

90*8 

/-Tryptophan (mol. wt. 

1*5 

53*8 


204) 

20 

65-7 



2*5 

65*8 

57*3 

d/-Leucyl-glycyl-glyeine 

1*5 

43-9 


(mol. wt. 245) 

2-5 

43-6 

461 

The diffusion experiment results are given 

in Table 11. 

Both light and heavy 

components were found to be heterogeneous, 

i.e. there was a marked difference 


between the experimental and the ideal diffusion curves. The heterogeneity was 
definitely larger than could be accounted for by incomplete separation of the two 
components in dialysis. The diffusion constants listed have been calculated from 
the ideal diffusion curves most nearly corresponding to the experimental data 
and must therefore be regarded as average values for the various substances 
present. There was some indication that in each case the average diffusion con¬ 
stant increased slightly with the time of digestion. The glycine, 7-tryptophan, and 
d7-leucyl-glycyl-glycine gave ideal diffusion curves. From a consideration of these 
diffusion constants it is evident that the lighter fraction of the digestion mixture 
must have contained some substances having diffusion constants of the same 
order of magnitude as the amino-acids, and probably some of the order of 
magnitude of the lower polypeptides as well. The average diffusion constant of 
"the heavier component (8*27 cm. 2 /sec.) was a little higher than that of undigested 
egg albumin (7*76 cm. 2 /sec.). 

IV. Cataphoresis measurements. These measurements were made with the 
moving boundary apparatus developed by Tiselius [Tiselius, 1930; Pedersen, 
1933]. Both absorption and refractive index methods of measuring the concen¬ 
tration gradients were available. The former method was used with the light 
component. Samples were tested after 27 hours’ and after 45 hours’ digestion. 
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They were found to be so heterogeneous that calculations of mobility were not 
possible. At pH 5-0 the average mobilities were almost zero, but they contained 
components having anodic and some having cathodic motion. 

The refractive index method was used to study the heavy fraction. This 
necessitated using 2% solutions. As mobilities of undigested egg albumin 
solutions of such high concentration had not been measured previously by this 
method, these were investigated first. Solutions were used which had been kept 
at 40° in buffer but without papain, to test whether the heat alone had any 
effect on the mobility of the egg albumin. The concentration distribution curves 
for this solution showed no trace of asymmetry. The mobility calculated from 
these curves was exactly that obtained for this pH by Tiselius [1930] using dilute 
solutions [v. however Smith, 1935; 1936]. At pH 5-01 the motion was anodic 
4*5 x 10~ 6 cm./sec./volt/cm. 

The heavy fraction gave concentration distribution curves which were very 
asymmetrical, showing marked heterogeneity. Consideration of these curves 



Fig. 4. 



shows that the heavy fraction was made up of several components. The principal 
component had an anodic mobility of l-4x 10~ 5 at pH 5*0 (digestion time 36 
hours), and l*9xl0~® at pH 5-4 (digestion time 24 hours). The other com- 
ponents all had mobilities less than these so that no material remained having a 
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mobility equal to that of the undigested egg albumin. A typical concentration 
distribution diagram of the undigested egg albumin is shown in Fig. 4, and a 
typical curve for the heterogeneous heavy fraction is shown in Fig. 5. 

V. Light absorption measurements. The light absorption of the undigested egg 
albumin and of the light and heavy fractions of the digestion mixture were 
measured by means of a Judd-Lewis spectrophotometer. Tests were also made of 
the intensity of light A 270 mp (obtained by means of a mercury lamp and 
chlorine and bromine filters) transmitted by a quartz cell containing the liquids. 

The results cannot be regarded as very definite as concentrations were 
measured by means of refractive index measurements, and no account was taken 
of possible variations in refractive increment. The light fraction of the digestion 
mixture appeared to have a distinctly higher and the heavy fraction a somewhat 
lower extinction coefficient than the undigested egg albumin. There was no 
change in the positions of the wave-lengths of maximum or minimum absorption. 
The absorption of light by egg albumin in the region 253-290 m\i is almost 
entirely due to the aromatic amino-acids phenylalanine, tyrosine, and tryptophan 
[v. Coulter et al. 1936]. Thus an increase in the extinction coefficient of the 
lighter component would mean that the relative concentration of one or all of 
these substances had increased. 


Discussion. 

It seems probable that the digestion of egg albumin by papain takes place in 
at least two stages: (1) a change in all of the molecules, probably a loosening of 
bonds within the egg albumin molecule and (2) a gradual splitting off of small 
pieces from these modified molecules. 

Evidence for the first stage is furnished by cataphoresis measurements: 
partially digested solutions contain no component having a mobility equal to 
that of undigested egg albumin. Further, the sedimentation constant of the 
material is decreased even before any appreciable amount of decomposition 
products has l>een formed. This is in agreement with the previous investigation 
of this problem [Svedberg & Eriksson, 1934] in which a fraction was isolated from 
the digestion mixture of unchanged molecular weight but having a decreased 
sedimentation con stun t. 

All the experiments show that very small molecules are produced during the 
second stage of digestion. Ultracentrifuge and diffusion experiments show that 
these must be of the order of magnitude of amino-acids and lower polypeptides. 
If we neglect changes in partial specific volume—the changes may be quite large 
[v, Cohn et al. 1934]—we may get an approximate idea of the average molecular 
weights of the components formed during digestion using the relationship 

Sed. const. Diffn. const. 

Mol. wt. - Mol. wt. x - £“*«“) _ x . 

(Fraction) (Eggalbumin) Sed. const. Diffn. const. 

(Egg albumin) (Fraction) 

This gives a molecular weight of 38 x 10 3 for the heavy fraction and about 4 x 10 2 
for the light fraction. The molecular weight of undigested egg albumin is 42,200. 
This suggests that certain definite parts are split off from the molecule rather 
than that some molecules are simply broken up into many small pieces. This is in 
agreement with the fact that the light component seemed to contain a higher 
percentage of the aromatic amino-acids than undigested solutions. 

Refractive index measurements show that except for a short initial period the 
process of digestion is a linear function of the time (see Fig. 3). This corresponds 
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to a monomolecular reaction taking place always at saturation. The change of 
slope of the initial part of the curve points to the presence of some other factor 
during this part of the digestion process. 

Summary. 

Under the action of papain the egg albumin molecule is split up into two 
groups of substances. Both fractions are heterogeneous. The light fraction con¬ 
sists of particles of the order of magnitude of the amino-acids and the lower 
polypeptides. The heavy fraction has an average sedimentation constant of 3*30 
and an average diffusion constant of 8*27 cm. 2 /sec. The heavy fraction contains 
no unchanged egg albumin. It is suggested that the first stage in digestion con¬ 
sists in a loosening of bonds within the molecule and that subsequently small 
parts are split off from these modified molecules. Ultracentrifuge, refractive 
index, diffusion, cataphoresis and light absorption measurements have been 
used in arriving at these conclusions. 

The author wishes to express her sincere thanks to Prof. Svedberg for 
suggesting the problem, for his interest throughout the investigation, and for the 
privilege of working in his laboratory. She is greatly indebted to Mrs I.-B. 
Eriksson-Quensel for advice and criticism throughout the research. She also 
desires to thank Dr K. O. Pedersen, Mr A. G. Poison and Mr K. Andersson for 
their assistance with cataphoresis, diffusion and absorption measurements 
respectively. 

The expenses connected with this work were defrayed by grants from the 
foundation “Therese och Johan Anderssons Minne” and the foundation 
“Knut och Alice Wallenbergs Stiftelse , \ 
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CCLIV. A NOTE ON THE RELATIVE DISTRIBU¬ 
TION OF PHOSPHORUS AND PHOSPHATASE 
ACTIVITY IN THE FLORAL PARTS OF 
NICOTIANA AFFINIS, PETUNIA, SALPI- 
GLOSSIS AND GLADIOLUS. 

By VLADIMIR IGNATIEFF. 

From the Department of Biochemistry , University of Toronto , Toronto , 

Canada . 

{Received 21 July 1936.) 

The activity of phosphatase in the bean, potato, radish and wheat at different 
stages of their life histories was reported in a previous paper |IgnatiefF & 
Wasteneys, 193b]. The small amounts of material available however made the 
investigation of the distribution of the enzyme in the various parts of the flower 
impossible. Such data are needed to complete our knowledge of the distribution 
of the activity of phosphatase in the higher plants. 

Experimental. 

The method used for the estimation of the enzymic activity was the same as 
that described in the previous paper. 

The first determinations were made on Nicotiana affinis , Salpiglossis and 
Petunia (Table I). The flowers were divided into petals, sepals and sex organs, 
and it is clear that in Salpighssis and Nicotiana affinis the sex organs have a 
higher phosphatase activity than the other floral parts or the leaves. In Petunia 

Table I. Phosphatase activity in the leaves and in the flowers of Nicotiana 
affinis, Petunia and Salpiglossis. 

mg. of inorganic phosphorus released from 2 ° 0 sodium 
-gTvcerophoaphate solution by lg. of dry tissue in I min. 

Parts of the plant N. affinis Petunia Salpiglossis 

Leaves 0*95 2-93 0-47 

Spathes 0*65 2*91 0*51 

Petals 0-61 1-71 114 

Sex organs 1-39 2*97 4-52 

there was no greater phosphatase activity in the sex organs than in the leaves 
and sepals. If the relatively high phosphatase activity in the sex organs is 
related to their functions, such a relationship should exist in all higher flowering 
plants. On the other hand it should be borne in mind that there is a great 
variation in the relative size of the different parts of the sex organs of the 
different species of flowering plants. It is possible also that there are differences 
in the concentrations of phosphatase present in the various sex organs, and 
therefore the activity of the enzyme in these organs when tested collectively will 
depend not only on the actual concentration of phosphatase present but &1bo on 
their relative size. More accurate information on the distribution of phosphatase 

( 1815 ) 
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in the floral parts of the plants is obtained, if the activity of the enzyme 
determined in anthers, filaments, styles and ovaries separately. Gladiolus was 
selected for such determinations because it possesses large sex organs. 

Three different groups of flowering spikes, designated respectively A, B and 
C, were obtained. The flowers were removed from their spikes and were separated 
into their component parts as soon as possible, but as this process could not be 
completed in 1 day the material was kept overnight in a cold room at about 
38° F. At this temperature the metabolic activity and the transpiration in the 
plants are very low, so that no significant changes could have occurred. The 
flowers were divided into petals, spathes, filaments, anthers, styles and ovaries. 
Samples of the leaves were also taken. After the flowers had been removed from 
the spikes, the latter were placed in water to allow the rest of the flower buds to 
blossom. In this manner two or three crops of flowers were collected from the 
same group of spikes, each crop being designated by a number placed after the 
letter which established the identity of the group. 

The results of the experiments on Gladiolus are reported in Table II. From 
these results it is clear that the anthers show the greatest and the leaves the 
lowest enzymic activity. The leaves, however, towards the end of the life cycle 

Table II. Phosphatase activity in the leaves , spathes , petals and individual 
sex organs of Gladiolus. 


rag. of inorganic phosphorus released from 2 % sodium ^-glycero¬ 
phosphate solution by 1 g. of dry tissue in 1 rain. 




Group A 

A 


Group B 

Group C 

V_ 

Parts of the plant 

Crop 1 

Crop 2 

Crop 3 


Crop 1 

Crop 2 

Leaves 

— 

013 

018 

0-22 

013 

— 

Spathes 

015 

017 

018 

0-24 

0*25 

0-23 

Petals, white 

0-20 

— 

— 

0-30 

0*44 

— 

Petals, coloured 

016 

0*35 

0-65 

0-24 

0-36 

0-59 

Ovary 

0-43 

0*51 

— 

0-41 

0-48 

0-46 

Style and stigma 
Filaments 

0-28 

0-60 

0*60 

0-49 

0-57 

0-71 

0-48 

0*59 

0-54 

0-67 

0-40 

0-42 

Anthers 

119 

1-48 

1-41 

115 

119 

J18 


Table III. Phosphorus distribution in the leaves , spathes , petals and 
individual sex organs of Gladiolus. 


Total phosphorus in mg. per g. 
of dry matter 


Parts of the plant 

Group B 

Group Cj 

Leaves 

1-68 

1-79 

Spathes 

1*97 

207 

Petals 

2*43 

2-45 

Ovary 

4*65 

— 

Style and stigma 
Filaments 

3-00 

3-42 

3-63 

3-74 

Anthers 

6-70 

6-99 


of the plant contain large quantities of less vitalized fibrous material which may 
account for their low phosphatase activity. The aotivity was almost as low in the 
spathes and, indeed, there is no significant difference in the activities of the 
phosphatase in these two parts. The enzymic activity of the petals of the first 
crop of flowers removed from the spikes was also low, being equal to that of the 
spathes, but there was an increased activity in the petals of the flowers which 
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bloomed while the spikes were standing in water. On several occasions phos¬ 
phatase activities in white and coloured petals were separately determined but no 
significant differences were found. The enzymic activity in the filaments, styles 
and ovaries was, in general, higher than in the petals. 

Total phosphorus determinations were made on different parts of the flowers 
of groups B and C lf according to Cockefair’s method [Cockefair, 1931]. The 
results are presented in Table ITT and show that the phosphorus concentration in 
the sex organs is higher than in the petals, spathes or leaves and is greater in the 
anthers than in any of the other sex organs. 

The variation in size of the floral parts is clearly shown by the results of 
total dry weight determinations shown in Table IV. 


Table IV. Dry weight (g.) of different 'parts of Gladiolus flower . 


Spathes ... 

Corolla . 

Ovary . 

Style and stigma 
Filaments 
Anthers. 


0058 

0-130 

0013 

0*005 

0*006 

0*010 


Discussion. 

In the previous paper [Ignatieff & Wasteneys, 1936] it was stated that the 
phosphatase activity in the flowers was approximately the same as in the leaves 
at maturity of the plant. Whilst the results here reported appear to be at 
variance with this, the explanation for the difference is provided by the determina¬ 
tions of enzymic activity in the floral components of Gladiolus (Table TI), which 
show that whilst the phosphatase activity is greater in the sex organs as a whole 
than in other parts of the flowers or in the leaves, it is only the anthers which 
have markedly higher phosphatase activity, and these, as Table TV shows, con¬ 
stitute only one-twentieth of the total dry weight of the flowers. Moreover, in 
Gladiolus and in Salpiglossis the leaves at the time of flowering contain, as com¬ 
pared with those of the other plants whose phosphatase activity is reported, a high 
proportion of inert fibre which explains the more marked difference between 
flowers and leaves in these two plants. 

The very high phosphatase activity in the anthers of the Gladiolus is of special 
interest in view of the very high concentration of total phosphorus in these 
organs. 

At present it is unwise to generalize but since in Gladiolus the sex organs 
have greater phosphatase activity, as well as a greater phosphorus concentration, 
than the spathes and petals, it may perhaps be suggested that in the flower the 
sex organs and especially the anthers are the site of the most active phosphorus 
metabolism. This hypothesis finds further support in Cockefair’s work [Cockefair, 
1931]. 

Unfortunately it was impossible to study the phosphatase activity through¬ 
out the life histories of the flowering plants investigated, and therefore no 
comparisons can be made between the enzymic activity of the floral parts and 
that of the other portions of the plant at an active stage of growth. Such 
a study would be of great interest. It was shown in the previous paper 
[Ignatieff & Wasteneys, 1936] that young leaves have a very high concentration 
of the enzyme. 
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Summary. 

Phosphatase activity of the floral parts of Nicotiana aj finis, Salpiglossis , 
Petunia and Gladiolus was determined. It was found to be higher in the sex 
organs as a whole than in other floral parts. In the case of Gladiolus it is the 
anthers which especially are responsible for this higher activity. 

Total phosphorus estimations which were made on the floral parts of 
Gladiolus showed the phosphorus concentration of sex organs to be higher than 
that of spathes and petals, and again it is the anthers which have the highest 
content of phosphorus. 

The author wishes to express his thanks to Prof. Hardolph Wasteneys for 
his advice and interest in this work, and also to Messrs Donald Robertson and 
Lionel Ignatieff for their assistance in handling the flowers. 
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CCLV. FASTING AND REALIMENTATION 
IN THE RUMINANT. 

I. THE EFFECT OF FOOD AND FASTING 
ON CERTAIN BLOOD CONSTITUENTS. 

II. CALCIUM AND PHOSPHORUS METABOLISM DURING 
FASTING, AND DURING REALIMENTATION 
FOLLOWED BY FASTING. 

By FRANCIS XAVIER AYLWARD 1 
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From the Hannah Dairy Research Institute , Kirkhill , Ayr. 

(Received 8 February 1086.) 

I. THE EFFECT OF FOOD AND FASTING 
ON CERTAIN BLOOD CONSTITUENTS. 

In the course of a study of the precursors of milk fat it became necessary to have 
detailed information regarding not only the nature and distribution of blood 
lipins in the cow but also their variation under experimental conditions. The 
existing information concerning blood lipoids, although largely derived from 
micro-determinations and therefore to be accepted with reserve, permits certain 
general conclusions so far as carnivora and non-ruminant herbivora are con¬ 
cerned. It is recognized [Terroine, 1914, 1, 2; 1919] that wide variations in 
blood lipoids exist between different species and between individual members of 
the same species although for a particular animal a certain degree of constancy 
is characteristic. 

Of the factors which influence the various constituents of blood, one of the 
most important is diet; the present work deals with tins factor in so far as it 
affects ruminants. 

Feeding with high fat diets has been found to produce an increase in total 
lipoids in dogs and rabbits [Bloor, 1932]. A similar lipaemia has been observed 
after a single fatty meal in dogs [Reicher, 1911; Terroine, 1914, 1,2; 1919; 
Bloor, 1915, 1916, 1921; Bang 1918 and others], but not in the rabbit [Sakai, 
1914; Bloor, 1921; Iwatsuru, 1925], and not invariably in man [Maim & Gildea, 
1932]. 

The results of Maynard & McCay [1929] and of Porcher & Maynard [1930] 
indicate that alimentary lipaemia is inconspicuous or non-existent in cows, 
probably owing to the slowness of digestion and absorption in these and other 
ruminants. It is evident that fasting in such animals must be prolonged in order 
both to make clear its effects on blood lipoids and to reduce the latter to their 
basal level. 

In addition to a study of the blood lipoids, it is important that the normal 
values for certain other blood constituents, such as iron, sugar, amino-N and P 
should be established and that their variations in response to stimuli should be 

1 Agricultural Research Scholar. 
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determined. It is true that the role of P has been widely investigated, but as yet 
little has been recorded as to the distribution in blood of the various forms of 
this element under varying physiological conditions. 

With these considerations in view the investigations recorded in the present 
communication were undertaken. 

Experimental. 

Methods . 

Throughout this work a portion of each sample of blood was used to obtain 
an alcohol-ether extract in the usual way (1 part blood in 20 parts of 3 :1 alcohol- 
ether mixture). Lipin-P was estimated eolorimetrieally by King’s [1932] 
modification of the Fiske and Subbarow method, cholesterol by digitonin, and 
total fatty acids by a slightly modified form of the Stoddart and Drury technique. 
Blood sugar was determined by the improved form of the Hagedom and Jensen 
method described by Fujita & Iwatake [1931], amino-N by the colorimetric 
procedure of Folin [1922], chloride by the Whitchom [1921] thiocyanate method, 
and iron by the technique of Blackwood & Stirling [1932]. Calcium was titrated 
as oxalate using the precipitation technique of McCrudden [1909-10; 1911-12] 
and the washing methods of Clark & Colhp [1925]. 

Exp. 1 . A cow which had been receiving a normal diet was starved for 
24 hours and then given a test meal of linseed oil 1, oats 5, straw r 7 and flaked 
maize 1 lb. The fat and P intakes were estimated to be 340 and 8*92 g. respec¬ 
tively, 340 g. fat being equivalent to 0*85 g./kg. body weight. Twelve blood 
samples were taken alternately from each mammary vein, this procedure being 
adopted to minimize the inflammation caused by taking a large number of 
samples over a short period from the same vein. The results recorded in Table I 
appear to justify this alternate sampling. 


Table I. Two-hourly sampling after a meal . Distribution of various 
constituents {mg.j 100 ml. blood). , 


Hours before 
or after 
meal 

Lipin-P 

Total 

fatty 

acids 

Free 

sterol 

Sterol 
as ester 

Iron 

Sugar 

Amino- 
acid N 

In¬ 

organic 

P 

Organic 
acid- 
soluble P 

Before 3 

0-20 

225 

70* 1 

64*3 

40*3 

50*3 

8*34 

5*55 

1*91 

1 

9-30 

227 

77*8 

55*4 

38*9 

44*5 

7*98 

5*00 

204 

After 1 

9-49 

— 

78*7 

61*7 

39*3 

43*6 

7*98 

500 

2*38 

3 

— 

— 

77*8 

— 

40*3 

37*8 

9*37 

5*25 

2*44 

5 

919 

231 

78*1 

53*1 

38*1 

44-5 

7*24 

5*44 

— 

7 

9-60 

225 

81*8 

510 

42*8 

44*2 

7*92 

4*94 

2*88 

9 

9-71 

225 

82*0 

60*0 

40*3 

55*9 

917 

5*20 

2*53 

11 

9*42 

225 

81*3 

49*9 

41*0 

53*3 

8*55 

4*92 

2-00 

13 

907 

225 

78*4 

55*0 

39*7 

54*4 

8*41 

5*27 

2*54 

15 

9-51 

210 

79*7 

50*7 

40*1 

53*3 

9*31 

4*83 

2*58 

17 

9*50 

210 

80*0 

48*8 

38*1 

57*0 

7*33 

4*80 

2*70 

19 

9*40 

212 

78*4 

40*0 

37*9 

52*1 

8*85 

4*50 

2*73 

Mean values 

9*40 

223 

79*2 

54*4 

39*7 

49*2 

8*37 

513 

2-49 

Standard 

0*18 

0*7 

2*14 

3*40 

2*01 

0*3 

M3 

0*28 

0-28 


deviations 

The interval between the previous meal and the test meal was 24 hours. 

In case a basal level, differing from the normal absorption level, if such 
exists, might not have been attained in the 24-hour period of fasting previous to 
the test meal, Exp. 2 was devised. 

Exp. 2. A cow which had previously been on a normal diet was given its 
final ration at 10 p.m. and was then deprived of food for 5 \ days, beihg allowed 
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water ad lib. Rumination ceased on the 3rd day and about the same time 
dilatation of the pupils was noticed, but no other ill effects. Care was necessary 
in realimentation and so immediately after the last fasting sample had been 
taken, 6 lb. hay were given to induce rumination and promote normal digestion. 
4 hours later the following meal was given: linseed oil 2, oats 3, straw 7, flaked 
maize 1 lb. The fat and P intakes wen* 529 and 13*0 g. respectively, T>29 g. fat 
being equivalent to 1*32 g./kg. body weight. For the next 3 days 12 lb. hay were 
given daily, and no difficulty was experienced in realimentation. The times of 
sampling and the results will be clear from Table 11. 

Table II. Blood constituents during 5{ days fast and after a meal 
(mg.j 100 ml. blood). 

Time after Total In- Organic 

last meal fatty Free Sterol Amino- organic acid- 


(days) 

Lipin-P 

acids 

sterol 

as ester 

Iron 

Sugar 

acid N 

P 

soluble P 

i 

8*68 

159 

79-8 

45*8 

34-5 

46-5 

6-65 

3*67 

245 

4 

8-36 

161 

78*8 

48-4 

38*3 

36*9 

4*53 

3-76 

2*20 

4 

7-56 

160 

75-8 

43-4 

39*7 

42’8 

6*62 

4-33 

2*73 

3J 

7-89 

160 

76-2 

510 

35*2 

35*9 

4-97 

546 

2*64 

4 

7-57 

165 

764 

49-6 

36-2 

49-3 

5*36 

5-87 

2-91 


7-57 

149 

75'4 

45-4 

40*0 

51 9 

609 

6*78 

2*86 

Time after ex 
8 

peri mental meal (hours)*: 
7-60 156 756 

51-2 

377 

51-7 

7*53 

7 39 

314 

20 

7-53 

135 

74*6 

430 

38*5 

44-4 

946 

6*93 

3-64 

32 

7-92 

135 

73-6 

51 2 

35*5 

43-8 

9 *94 

7*28 

3*51 

44 

7-52 

137 

69-2 

49-6 

32*6 

43*3 

8-82 

746 

2*38 

68 

7-40 

132 

70-6 

58-2 

33*9 

42*2 

9-20 

5-95 

2*66 

8 days 

7*54 

130 

67-9 

52-9 

31 >9 

44*7 

6-85 

5*72 

2*80 


* The test meal was given 4 hours after the previous sample had been taken. The next sample 
was obtained 8 hours after the administration of the meal. 


Table Ill. Constituents of blood during a 7{-day fast recorded (in brief), and 
during a 10{-day fast (recorded in detail) (mg.,100 ml. blood). 

Organic 


Time before or 
after meal 

Lipin-P 

Total 

fatty 

acids 

Free 
si rail 

Sterol 
as ester 

Iron 

Sugar 

Amino- 
acid X 

Ca 

Cl 

In¬ 

organic 

P 

acid- 

soluble 

I> 

Exp. Ill: 

12 hours before 

10*34 

201 

89*1 

514 

48*5 

47*0 

7*66 

5*73 

— 

117 

2*91 

12 hours after 

10*21 

191 

92*6 

54*6 

47*0 

38*6 

7'08 

6*01 

— 

3 63 

2*65 

2$ days after 

974 

192 

Old 

52-1 

47*0 

451 

8*36 

6*15 

— 

360 

312 

days after 

9*86 

208 

96*6 

-i«5-0 

49*3 

49-7 

841 

659 

— 

419 

3*28 

7j days after 

9*54 

179 

944 

36*1 

49-3 

68*6 

6-54 

585 

— 

4*01 

3*56 

Meal given immediately 

24 hours later 9*81 

211 

95*8 

37*9 

50*5 

68-6 

5*99 

5-81 


4-23 

3*91 

48 hours later 

10-20 

— 

98-I 

34*7 

51*9 

705 

— 

5-93 

— 

3-82 

3*61 

Exp. IV: 

12 hours before 

944 

198 

924 

57*9 

41*7 

52*2 

6*07 

6*70 

268 

3*86 

3*37 

12 hours after 

10*04 

203 

95*9 

39*0 

37*1 

71*9 

7*05 

7-33 

267 

3*94 

2*58 

11 days after 

10*37 

214 

96*3 

374 

43*5 

65'5 

7*12 

7*21 

261 

4-92 

2*35 

21 days after 

10*27 

_ 

98*5 

54*7 

37*1 

65*1 

5*10 

0*43 

266 

4*72 

3*27 

3J days after 

10*06 

224 

95*7 

58*0 

43*9 

44*9 

— 

0-75 

279 

4*95 

3*19 

44 days after 

9*56 

186 

91*1 

59'2 

_ 

50*5 

5*81 

6*03 

276 

5-08 

3*12 

5J days after 

9*54 

201 

87*6 

48*1 

414 

524 

6-23 

6-40 

280 

4*86 

2*99 

6| days after 

9*39 

204 

87*5 

46-3 

— 

51*9 

6*12 

6*75 

276 

4*61 

2*55 

7* days after 

8*70 

207 

85*0 

53*9 

434 

47*3 

6-88 

6*32 

265 

4*53 

2*66 

8} days after 

8-25 

207 

914 

37*4 

— 

49*9 

0*84 

6*63 

271 

4*44 

2*63 

9* days after 

8*89 

213 

893 

46'2 

— 

49*1 

5*10 

5*89 

267 

3*95 

3*96 

10$ days after 

8*36 

176 

89*1 

40*6 

434 

46*5 

6*88 

6*90 

267 

3*76 

2*86 

Meal given immediately 

24 hours later 8*33 

178 

84*7 

39*6 

38*3 

38*0 

8*26 

6*55 

268 

3*74 

3*03 


Previous to the fast the animals were on 

a low protein diet for a week. 
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Exps. 3 and 4 . Two non-lactating cows were subjected to periods of and 
lOJ-day fasts respectively, and in view of the paucity of starvation experiments 
on ruminants, metabolism trials were run and will be described later. Blood 
samples were taken from alternate subcutaneous abdominal veins at daily inter¬ 
vals. The animals finished the experimental periods in good condition. The 
results are set out in Table III. 

Discussion. 

In Table I it is clear that the ranges of variation of all the constituents studied 
are extremely small, the contrast between the mechanism of digestion and 
absorption in the ruminant and that in one-stomached animals being most 
obvious. The standard deviations are recorded and these may be used in subse¬ 
quent experiments to test the significance of any apparent changes over a 
similar period. 

In view of the results of (Shannon & Collinson [1929,1, 2] indicating that the 
glyceride fraction of blood fat may be very small or even absent, the distribution 
of the lipoids was calculated, using the factors generally adopted. On this basis 
the mean values recorded for the fatty acids in Table I suggested the following 
distribution: as phosphatides 172*6, as steryl esters 39*6, and as glycerides 10*5mg. 
fatty acids per 100 ml. blood. That the figure for the glycerides is exceedingly 
low or zero can readily be confirmed in the same way from the other three experi¬ 
ments. These findings are therefore in agreement with those of Oliannon & 
Collinson, but it must be realized that the factors list'd are those adopted mainly 
for liver phosphatide and may not be strictly applicable to blood, which contains 
a higher proportion of sphingomyelin. In fact Lintzel [1934] has suggested the 
factor 16-5 to 16*8 for converting blood lipin P to phosphatide instead of 18*5 as 
used for liver. Lintzel also finds an appreciable difference between the total 
alcohol-ether-soluble P and the acetone-precipitated P. As the identity and 
magnitude of the glyceride fraction of blood deserve further study in view of the 
possible importance of these compounds in the secretion of milk fat, the whole 
question is receiving further attention. 

During the much longer fasting period of Exp. 2, there appeared to be a 
significant decrease in lipin P, realimentation restoring the initial level. There 
was no significant change, however, in the total fatty acid and sterol fractions 
which did not show any tendency to reach a basal level markedly dissimilar from 
the normal. 

In Exps. 3 and 4, both cows showed a decrease in lipin P about the 3rd day 
of starvation, the decrease becoming more marked in the later stages particularly 
with the second animal. Similar results have been recorded for the dog [Ling, 
1931], pigeon [Muller, 1929], rat [Sure et al ., 1933], and contrary results for the 
rabbit [Iwatsuru, 1925]. 

There also appears to be some tendency in these two experiments for the 
sterol to diminish, but the series is not without anomalous values. 

With regard to iron, sugar and amino-N, the deviations from the initial values 
were somewhat larger than the standard deviations of Exp. 1, but no general 
trend was shown except perhaps in the long starvation, Exp. 4, where the sugar 
level may have reached a stable value. The variations in Cl content found in 
Exp. 4 were very small. 

Phosphorus distribution. The variations in inorganic and organic acid- 
soluble P are shown in Tables II and III, From Table II it will be seen that the 
inorganic P increases regularly during the starvation period, the maximum value 
being reached 44 hours after realhnentation. The changes in organic acid-soluble 
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P are approximately parallel. Blatherwick [1920] in a single 7-day fasting experi¬ 
ment on a cow observed slight increases in the total and inorganic P contents of 
the plasma. These he ascribed mainly to the mobilization of mineral reserves to 
assist in the maintenance of tissue neutrality. No evidence of acidosis was found. 
Gato [1922] in experiments on fasting rabbits also records changes in blood P. 
Increases in the inorganic; P of the blood during starvation have also been 
observed by Cavins [1924] and by Wilder [1929] working on rachitic rats. 

The organic acid-soluble P increases fairly regularly throughout fasting to a 
maximum observed about 20 hours after the first post-fasting meal, but the 
changes are not very great when referred to the standard deviations of Exp. J. 
In the present experiments the range found is 3*7-7*5 mg. per 100 ml. blood for 
inorganic P, 2*2~3*6 for organic acid-soluble P and 6*0-10*8 mg. for total acid- 
soluble P. 

It is of interest to discuss the reason for these increases in inorganic and 
organic acid-soluble P and also the source of the excess P. During starvation it 
is well known that extensive tissue breakdown occurs for, in addition to the loss 
of protein due to the normal wear-and-tear of the organism, energy requirements 
have* to be met, in part at least, from body protein. Oxidative degradation of the 
phosphoproteins will throw simpler forms of P into the blood-stream and if this 
is not excreted as rapidly as it is produced, it will be reflected in high levels of 
the P components of the blood. In addition to the protein of the tissues, the 
creatinephosphate which is known to be* present in muscular tissue is a possible 
source of organic acid-soluble P. 

A second and equally important source of P may be found in the bone 
phosphates. This is a factor which cannot be ignored when it is remembered that 
90 % of the total P of the body is in the skeletal tissue. Utilization of this store 
has frequently been referred to, particularly in lactating cows. The dephosphory¬ 
lation of bone would, of course, be accompanied by a mobilization of Ca. 
Three methods of approaching this problem present themselves. (1) If protein 
degradation is associated with the rise in blood P, inorganic sulphate in the 
blood might be expected to show a similar and related increase. Data regarding 
the inorganic sulphate content of the blood might then be of value. (2) If 
demineralization of bone occurs during fasting simultaneous increases of blood P 
and Ca might be observed if no compensatory mechanism is involved. (3) Informa¬ 
tion about the normal metabolism of the ruminant may be most readily acquired 
by the examination of the excreta. Extensive catabolism either of bone or of 
soft tissue ought fb be revealed by determination of the outpout of N, P and Ca. 

The second method was followed in experiments subsequent to Exp. 2 and 
the results are reported in Table III. Concurrently the third method was adopted 
and the results are reported in Part II. 

Ca and P distribution in Exps. 3 and 4. A scrutiny of the results for blood Ca 
(Table III) shows that there are no consistent changes throughout the starvation 
period, although the range of variation is rather wide. Thus if demineralization 
of bone does take place during fasting there must be an efficient mechanism 
securing the maintenance of the normal blood Ca level. 

As before, increases in inorganic P and total acid-soluble P may be observed 
during fasting, the maximum values being attained on the 6th day in Exp. 3, and 
on the 5th day in Exp. 4. The increases are not so marked as those of Exp. 2, but 
evidence that the maximum values are genuine was obtained from the metabolic 
studies which will be reported later. The smaller increases may be due to the 
fact that the three animals were in different physiological states. Cow No. 2 was 
in the 6th month of gestation whereas the others were non-pregnant. The 
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pregnant fasting animal has not only to obtain energy for its own maintenance 
but has also to provide energy and nutriment for the growth of the foetus. The 
foetus will require not only fat, protein and carbohydrate for its growth, but also 
minerals, and the requirements of the latter (especially of Ca and P) will be very 
high from the 5th month onwards [Turner, 1931]. From this point of view, and 
in the absence of new sources of P, a tendency for the blood P of the maternal 
circulation to decrease rather than increase might be expected. Some other 
factor such as extensive catabolism of P-containing material would therefore 
seem to be involved. 


II. CALCIUM AND PHOSPHORUS METABOLISM DURING 
FASTING, AND DURING REALIMENTATION 
FOLLOWED BY FASTING. 


The object of this part of the work was to study the Ca and P excretions 
during fasting in relation to the blood P in the hope that such an investigation 
might reveal the cause of the increased mineral metabolism during starvation. 
The urinary analysis of Benedict's fasting experiment [Benedict & Ritzmann, 
1927; Carpenter, 1927], although fairly complete with respect to N and S, con¬ 
tained only a few P analyses. Determinations were made of fixed bases but not 
of Ca, and the analyses of faeces during fasting were confined to dry matter and 
to total N. In the present paper the rebuilding of both the protein and the 
skeletal tissue has been followed, while the relationship between blood inorganic 
P levels and urinary P excretion has also been investigated. The work is divided 
into three sections. 

Section A. 

During Exps. 3 and 4 already described, urinary and faecal P and faecal Ca 
were estimated. The results are set out in Table IV. 

Table IV. Ca and P excretion (g.klay ). 

Exp. Ill Exp. IV 



Days 

Urine 

Faeces 

Urine 

Faeces 


of 


1 

A 


i 


K 



r 


/ i 

P 

f wmmmm 

-^ 



Period 

fast 

P 

N/P 

Ca 

P 

N/P 

Ca 

P 

Prefasting 

— 

— 

— 

— 

— 

0*07 

313 

14*69 

4*53 

— 

— 

— 

— 

— 

0*07 

265 

13*99 

5*71 


— 

— 

— 

— 

— 

0*06 

248 

14*08 

5*72 


— 

004 

359 

9*72 

545 

0*09 

233 

13*44 

6*72 


— 

010 

108 

12*82 

4*53 

0*08 

244 

7*37 

643 


— 

010 

155 

13*08 

4*81 

0*12 

222 

12*13 

7*22 


— 

0*07 

185 

11*17 

5*13 

0*13 

200 

11*70 

5*85 


— 

0-09 

133 

19*46 

7*34 

006 

233 

9*83 

600 


— 

009 

103 

11*75 

4*34 

0*09 

286 

8*01 

5*50 

Early 

1* 

014 

106 

13*16 

5*88 

0*11 

179 

14*82 

6*84 

fasting 

2* 

H 

0*18 

110 

4*39 

2*25 

0*09 

378 

7*85 

3*59 

0*14 

142 

504 

1*98 

0*07 

609 

5*35 

4*17 



0*13 

220 

3*08 

M0 

0*13 

322 

5*62 

2*80 

Effective 


0*48 

57*4 

2*68 

0*88 

0*23 

152 

2*65 

2*76 

fasting 

«i 

2*81 

17*6 

2*66 

0*85 

0*48 

67*1 

1*29 

1*09 

7i 

446 

121 

3*61 

0*91 

246 

16*3 

3*44 

4*00 


»i 

— 

— 

— 

— 

4*27 

10*9 

1348 

4*60 


»i 

— 

— 

— 

— 

3*99 

11*0 

4*64 

3*71 


ioJ 

— 

— 

— 

— 

3*72 

11*6 

3*12 

4*01 


The Ca and P intakes in the prefasting period were 14-0 and 6-90 g./day respectively in both 
experiments. 
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It is of interest to observe that the urines of the cows in the four fasts re¬ 
mained alkaline. This was contrary to the results of Carpenter [1927] where the 
urine of steers though initially alkaline became acid after a few days. 

Urinary P. The P percentage and total daily excretion of P in the urine are 
remarkably low in the preliminary period (low protein diet) and during the first 
4 days of starvation. The P concentration in the urine never exceeds 5 mg./lOOml. 
and the total daily output is always less than 200 mg. Thus from the* point of 
view of P excretion fasting is commenced from a definite equilibrium with a 
definite basal urinary output. These low figures are similar to those obtained by 
Meigs and his co-workers [1919; 1920], and much lower than those found for the 
human subject. The urinary P output of man, although largely dependent on 
the diet, is usually about 2 g. per day. In the calf before rumination begins, the 
output of urinary P is higher than that of cows. This difference may possibly be 
associated with the type of digestion and absorption characteristic of ruminants 
and in this connection it may be mentioned that ruminants also differ markedly 
from non-ruminants in the distribution of the P compounds in the blood, the 
organic acid-soluble P fraction of the former being particularly low [Black¬ 
wood, 1934]. The low level of urinary P excretion is maintained for the first 
4 days of fasting. This is in accord with the general conceptions of ruminant 
digestion. On the 5th and subsequent days, however, a marked change occurs, 
characterized by progressive increases in percentage and total output of P. The 
levels attained are similar to those obtained in carnivorous animals including 
man where fasting is accompanied by a continuous excretion of P. Benedict 
[1907; 1915] finds that the P output continues in man even throughout long 
fasts and at the 31st day in one experiment 1 -3 g. P 2 0 5 were excreted. Occasion¬ 
ally also, a rise in urinary P was observed during the first few days of fasting. 
Similar results are recorded by Cathcart [1907]. The source of this continued 
excretion of P during fasting, whether from bone or muscle tissue, can only be 
determined by correlation with the N and Ca outputs. The time of the rise in 
urinary P excretion is coincident with the maximum value of inorganic and 
total acid-soluble P in the blood. This suggests a close relation between the two 
phenomena. A proportionality between plasma phosphate and urinary phosphate 
excretion has been postulated by Addis et al. [1925] under certain restricted 
conditions. The blood P therefore appears to increase to a limiting value, after 
which increased urinary excretion commences. 

Cort'dation of N and P outputs in urine. 1 If muscle protein alone is the source 
of the urinary P then one would expect the ratio of urinary N to P found, after 
the exogenous output of these elements has ceased, to approximate to that of 
muscle itself, namely 17-4 [Lusk, 1931]. The ratio found in the experiments is 
given in Table IV. The original value of the ratio is seen to be very high and 
these high values are maintained during the first 4 days of starvation. An 
extraordinarily rapid fall then takes place. In Exp. 3, owing to the shortness of 
effective fasting, no equilibrium is attained. The ratio, however, on the last day 
of the fast is 12*1. In Exp. 4, equilibrium is established at a value approximating 
to 11*2 from the 8th day. 

It is clear then that catabolism of some P-containing material in addition to 
protein has taken place. Similar low ratios have been found by Cathcart [1907] 
and other authors and have been generally ascribed to demineralization of bone. 
A further explanation might rest in the fact that the urine may not be the only 
excretory channel for P during starvation. Before discussing this question, how- 
1 The N metabolism of these fasts has been included in a paper by Hutchinson & Morris 
[1936] from which we quote the figures for urinary N. 
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ever, the figures for faecal Ca and P must be considered. It may be noted here 
that no urinary Ca determinations are recorded since previous experience and 
subsequent experiment show that such excretion is normally negligible and shows 
no rise during starvation. 

Faecal P and Ca. During the preliminary period of Exps. 3 and 4 the daily 
faecal excretion of P represents a fairly uniform basal level, while the percentage 
composition of the dry faeces shows remarkably small variations. In Exp. 3 this 
percentage composition (ca. 200 mg.) is maintained throughout the entire fasting 
period. The daily output, however, decreases rapidly to an equilibrium level of 
about 0*9 g. In Exp. 4 the percentage composition of the dry faeces rises rapidly 
during starvation. In the early days of starvation a fall in faecal output of dry 
matter is accompanied by a decrease in the faecal P output. Thereafter, however, 
the P output rises sharply and almost reaches the prefasting level. The salient 
feature of each experiment is, then, the continued faecal excretion of P during 
starvation. In the later stages of fasting this P can only arise from endogenous 
sources. 

The Ca percentage in the dry faeces in each experiment shows no marked 
difference between the prefasting and starvation periods. The total output, 
however, although falling rapidly from the prefasting level never becomes in¬ 
significant. Thus in the last 3 days of Exp. 3, 8-95 g. of Ca are eliminated and in 
the last 6 days of Exp. 4, 28*62 g. This, too, can only be of endogenous origin. 

This continued excretion of Ca and P in starvation faeces has also been 
observed by Wellmann [1908] in rabbits. 

The main source of the endogenous Ca excretion must be the bone. Such 
demineralization must result in a simultaneous liberation of P so that part, at 
least, of the P excreted either in the urine or faeces must arise from this source. 
The presence of P derived from bone in the urine, in addition to that from 
protein, is an adequate explanation of the low N/P values observed in the 
urine. 

It has been accepted for some time that Ca can be eliminated from the blood¬ 
stream by re-absorption in the lower intestine. Excretion of Ca by the kidney 
can only take place in the form of soluble salts [Holt et al., 1925]. This excretion 
will be governed partly by the solubility products of the salts themselves and 
partly by the reaction of the urine. The urine of the cow is normally highly 
alkaline and this fact explains why simultaneous large excretions of Ca and P do 
not take place via the kidney. Such simultaneous eliminations are necessary 
during fasting, and in view of the maintenance of the alkalinity of the urine in 
these experiments, one can only assume that re-excretion of both Ca and P into 
the bowel is possible/ This is in agreement with the views of Shelling [1932]. 

Phosphorus balance sheet, (a) Protein. Assuming that the urinary N in the 
later stages of the fast is entirely endogenous and derived from body protein, the 

P from the same source may be calculated. P derived from protein = ^2™- 
where 17*4 = p in muscle. (b) Bone. It is generally accepted that 85 % of the Ca 

of bone is present as calcium phosphate (Ca^(P0 4 ) e ), the remainder being mainly 
carbonate [Shear & Kramer, 1928]. The amount of Ca found in the soft tissues 
of the body, is usually very small. Assuming as before that the Ca in the later 
stages of the fast is derived from bone, then Ca derived from bone phosphate= 

total Ca excreted x 0*85, and so P derived from bone=- — where 

Ca 

1-93as in Ca 8 (P0 4 ) 2 . Making these calculations on the data of the lasts from 
the fourth day onwards, part of Table V was drawn up. 
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Table V. P balance sheets for effective fasting period {g.jday). 


Total P Total P 



Bays of 


P from 

P from 

excretion by excretion ac- 

Exp. 

fast 

Urinary N 

protein 

bone 

calculation 

tually found 

Ill 

H 

27*32 

1*80 

1*18 

3*04 

1*36 


0i 

49*45 

3*36 

1-17 

453 

3*60 


7J 

54*12 

3*68 

1*59 

5*27 

5*37 





Total 

12*84 

10*39 

TV 


34*98 

2*38 

1*17 

355 

2*99 


6i 

32*21 

2*39 

0*57 

2*76 

1*57 


7i 

40*76 

2*77 

1*51 

4*28 

0*46 


H 

46*71 

3-18 

5*94 

9*12 

8*87 


9£ 

43*96 

2*99 

2*04 

5*03 

7*72 


10$ 

42*70 

2*91 

1*37 

4*28 

7*73 





Total 

29*02 

35*34 

V 

5 

35*28 

2*03 

0*76 

2*79 

1*54 


6 

67*94 

3*90 

0*52 

4*42 

3*96 


7 

23*59 

1*36 

0*16 

1*52 

0*99 


8 

32*34 

1*86 

0*47 

2*33 

1*65 


9 

23*58 

1-47 

0*55 

2*02 

3*06 





Total 

13*08 

11*20 

VI 

5 

52*02 

2*99 

2*55 

5*54 

2*97 


6 

48*18 

2*77 

2*07 

4*84 

2*27 


7 

49*49 

2*84 

1-31 

4*15 

2*58 


8 

None 

None 

2*07 

2*07 

0*45 


9 

65*50 

3*76 

Ml 

4*87 

4*97 


10 

100*30 

5*76 

1*68 

7*44 

7*51 


11 

None 

None 

5-11 

5*11 

0-33 


12 

117*40 

6*75 

2*69 

9*44 

9*66 


Total 43*46 30*74 


The total P excretion calculated is in fairly close agreement with that found 
and this is a test of the validity of the factors used and of the assumptions made. 
We regard this therefore as strong evidence that during prolonged fasting con¬ 
tinuous mobilization of bone and protein P takes place. 

Section B. 

After the completion of the fasts in Exps. 3 and 4, the cows were placed on a 
high protein diet until N equilibrium was established. A low protein ration was 
then given followed by the original high protein diet, the change over being 
again determined by the attainment of N equilibrium values. The P intakes on 
the high and low’ protein diets were 15*6 and 8*9g./day respectively. Blood 
samples were taken from alternate mammary veins at intervals and the P distri¬ 
bution determined. The results are given in Tables VI and VII. 

Blood levels . Each cow finished the fasts of Exps. 3 and 4 with comparatively 
low blood levels of inorganic P, namely 3-82 mg. and 3-74 mg. The immediate 
response to a high protein diet w T as a large increase in this level, the mean values 
during this period being 5*23 and 5*35 mg. The organic acid-soluble P showed no 
significant change. In the low protein period levels prevail with means of 4-53 mg. 
and 4-35 mg. In the subsequent high protein period little change in these values 
is observed. The experiments of Robinson & Huffmann [1926] and Huffmann 
et al. [1933] have shown that the amount of P in the diet has a marked influence 
on the P content of the blood. Two possibilities present themselves. (1) The 
differences in the daily P intakes 15*64, 8*90 and 15*64 g. may not be sufficiently 
great to bring about the changes noted by these authors. Our figures were, of 
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Table VI, Exp. III. P excretion , and also P distribution in the blood , on high 

and low protein diets. 

P in the blood (mg./100 ml.) 


Diet and 

P intake 

Days 

P excretion (g./day) 

r —- A --\ 

Faeces Urine Retention 

Inorganic 

Organic 

acid- 

soluble 

Lipin 

High protein 

1 

26-49 

2-33 

-13-18 

— 

— 

— 

15-64 g. P 

2 

16-89 

2-05 

- 3-30 

— 

— 

— 

per day 

3 

13-80 

1-93 

-015 

— 

— 

— 

4 

8-02 

M3 

6-49 

6-58 

1-70 

9-30 


6 

11-19 

1-32 

3-13 

5-48 

2-46 

9-60 


8 

12-38 

0-01 

2-65 

4-00 

2-61 

9-28 


9 

11-24 

0-39 

4-01 

— 

— 

— 

Low protein 

10 

9-41 

0-34 

-0-85 

4-28 

1-81 

9-76 

8-90 g. P 

12 

14-42 

0-17 

-5-69 

4-33 

2-31 

9-70 

per day 

14 

6-30 

0-28 

232 

4-85 

2-42 

9-92 

16 

4-73 

0-21 

3-96 

4-35 

2-59 

10-16 


18 

7-86 

017 

0-87 

4-49 

3-12 

10*00 


20 

5-07 

0-19 

3-64 

4-93 

2-75 

10-01 


22 

8-61 

0-11 

0-18 

4-45 

2-78 

10-00 


24 

7-24 

0-14 

1-52 

4-42 

3-28 

9-74 


26 

9-44 

0-10 

-0-64 

4-52 

2-43 

9-77 


28 

5-18 

— 

3-72 

4-40 

2-23 

9-93 

High protein 

29 

5-47 

0-18 

9-99 

4-55 

3-00 

10-39 

15-04 g. P 

31 

8-21 

0-19 

7-24 

4-85 

1-56 

9-00 

per day 

33 

7-22 

0-12 

8-30 


— 

— 


35 

8-60 

0-07 

6-97 

4-28 

2-58 

—• 


36 

9-68 

0-08 

5-88 

4-45 

— 

8-83 



Mean values: 

High protein 

Low protein 

High protein 

5-50 

4-51 

4-53 

2-28 

2-57 

2-38 

9-41 

9-91 

9-41 


Table VII, Exp. IV. P excretion, and also P distribution in the blood , on 
high and low protein diets. 

P in the blood (mg./100 ml.) 




P excretion (g./day) 

/- 

Organic 


Diet and 


t - 

-A- 

. .-..^ 


acid> 


P intake 

Days 

Faeces 

Urine 

Retention 

Inorganic 

soluble 

Lipin 

High protein 

1 

0-60 

0-12 

14-92 

5-85 

2-00 

9-69 

15-64 g. P 

3 

8-60 

0-12 

6-86 

5-21 

1-80 

9-60 

per day 

5 

4-43 

0-11 

11-10 

5-30 

1-92 

9-54 


7 

706 

6-23* 

2-35 

5-90 

2-09 

9-65 


9 

8-69 

0-11 

6-84 

5-00 

2-39 

9-71 


11 

11-40 

0-10 

4-08 

5-80 

2-94 

9-47 


13 

5-61 

0-13 

9-90 

5-26 

3-00 

9-64 


15 

8-40 

0-09 

7-09 

5-25 

3 13 

9-51 


17 

11-04 

0-08 

3-92 

5-32 

3-07 

10-11 


19 

8-05 

0-09 

6-90 

4-82 

3-27 

9-72 


20 

7-92 

0-07 

7-65 

— 

— 

— 

Low protein 

21 

7-39 

0-08 

1-43 

4-80 

3-08 

10-05 

8-90 g.P 

23 

10*13 

0-14 

-1 -37 

4-74 

2-85 

9-82 

per day 

25 

7-90 

0*06 

0-37 

4-50 

2-51 

10-48 


27 

11-07 

0*11 

-2-18 

4-34 

2-06 

9-53 


29 

9-23 

0-10 

-0-43 

3-90 

2-74 



31 

6-41 

0-10 

2-39 

3-90 

2-90 

9-30 


33 

5-89 

0-07 

2-94 

4-29 

2-55 

9-72 

High protein 

34 

8-00 

0-13 

7-51 

4-28 

2-20 

9-80 

18-64 g.P 

36 

8-21 

0-17 

7-26 

3-82 

2-90 

10-88 

per day 

37+38 

14-15 

009 

1-40 

5-15 

2-62 

9-16 


40 

8-48 

0-11 

7-05 

4-45 

2-56 

10-84 


42+43 

20-96 

0-14 

6-09 

4-43 

3-17 

11-60 


44+45 

24-06 

0-18 

3-52 






Mean values; 

High protein 

5-36 

2*56 





Low protein 

4-35 

2-77 

9-83 




High protein 

4*41 

2-70 

10-46 
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course, regulated by the protein level desired. (2) The previous nutritional state 
of the animals was such that the claims of replacement of body tissue would be 
paramount. 

Urine . During the high protein period of Exp. 3 urinary P is excreted at a 
high level. Progressive decreases in percentage composition and total output 
are noted and at the end of the period a normal excretion level is attained. This 
may represent a descent from the high levels observed during fasting. A re¬ 
markable constancy in these levels persists throughout the subsequent periods. 
In Exp. 4 a similar low level prevails even throughout the initial high protein 
period. The value marked with an asterisk in Table VII is inexplicable. 

Faeces . The total P output in the faeces is somewhat irregular but usually no 
very great variations occur. The values in the high protein period of Exp. 3 are 
above those observed in the subsequent high protein period. 

Retention. In Exp. 3 satisfactory retention of P was not established until the 
second period of high protein diet. In Exp. 4 the first high protein level was 
sufficient to establish a positive P balance. This, however, could not be main¬ 
tained on the low protein diet but was re-established on changing to the high 
protein level. 

Probably a number of factors are involved in the restoration of bone tissue, 
including the amounts of Ca and P absorbed, the ratio of assimilated ('a and P, 
the excretion of these elements and the physico-chemical conditions prevailing 
at the site of deposition of hone substance. The delayed or unsatisfactory re- 
alimentation observed may be due to failure to satisfy the requirements of all 
of these factors. In addition, phosphoprotein must also be restored. 

Section C. 

An opportunity was afforded by the continuation of the fasting experiments 
already described to make a further study of the P metabolism. The two cows 
were put out to grass following realimentation. They were then fasted for further 
periods of 10 and 12 days respectively. The results are reported in Table VIII 
(Exps. 5 and 6). 

Blood and urinary P. It is at once apparent that neither cow started the fast 
with a normal level of blood inorganic P, the initial values being 7*48 mg./IOOml. 
and 6-50 mg./lOO ml. These extremely high values may be associated with the 
prefasting diet of fresh young grass, which, being rich in minerals, would secure 
effective realimentation, and it was not to be anticipated that fasting could result 
in the production of higher levels. It was therefore thought of interest to con¬ 
tinue the study of blood and urinary P in these somewhat unusual cases with the 
object of testing the validity of the views already expressed on the relation of these 
two P levels. 

The high blood P level is maintained for the first 4 days of fasting and is 
accompanied by a fairly high level of urinary P. This is especially noticeable in 
the percentage composition of the urine. 

Thereafter with Exp. 6 somewhat lower and normal levels of blood P prevail, 
variations about the mean value of 4*99 being small. The urinary excretion of P, 
however, rises in precisely the same fashion as in the earlier fasting experiments. 
On the final day of the fast the P excretion reached the abnormally high value of 
9*6 g. while the percentage composition was 141 mg./lOO ml. This rise in urinary 
P again illustrates the degradation of body P. The efficiency of the renal excre¬ 
tion throughout the entire fasting period has thus prevented any temporary 
accumulation of inorganic P in the blood, so that no rise in level comparable with 



1830 


F. X. AYLWARD AND J. H. BLACKWOOD 


Table VIII. Blood P and excretion data during 10\-day and 12-day faMs. 


Exp. 

V 


VI 



Blood 

P (mg./lOO ml.) 

_ _ K 


Ca and P excretion (g./day) 


' 

Organic, 



r 

Urine 

Faeces 

Days of 

In¬ 

acid- 


Day of 

,- 

-\ 

( - 

- N 

fast 

organic 

soluble 

Lipin 

fast 

P 

Ca 

P 

Ca 

ij 

7-48 

4*50 

9-38 

1 

0*33 

0*14 

4*73 

21*98 




2 

1*89 

0-25 

5*18 

11*00 

3i 

7*65 

4*04 

9*22 

3 

0*78 

0*10 

1*58 

2*72 




4 

1*04 

0*07 

1*40 

1*82 

6 * 

4*56 

3-09 

10*40 

5 

0*22 

0*04 

1*32 

1*09 


3-79 

4-87 

9*40 

0 

2-90 

0-09 

1-07 

M0 

n 

3*77 

4-47 

9-82 

7 

0*44 

0*18 

0-50 

0*19 

H 

3*20 

520 

9*97 

8 

0-32 

0-14 

1*33 

0-92 

9} 

2*62 

4*53 

10*43 

9 

0-14 

0*08 

2-92 

1-10 

10j* 

4*43 

4-35 

12-00 

— 

— 

— 

— 

— 

1* 

6*50 

4-09 

_ 

1 

2-95 

0*31 

1*34 

18*20 




o 

1-20 

0*07 

0*09 

10*50 

3J 

7*55 

4-25 

— 

3 

1-17 

0*10 

1*42 

15*08 




4 

1*68 

0*07 

0*37 

4-44 

5J 

0* 

5*34 

3*80 

— 

5 

2*38 

0*25 

0*00 

5*54 

4*86 

3*07 

— 

0 

1*81 

0*19 

0*40 

4*51 

7i 

4-70 

4-00 

— 

7 

2-24 

0-03 

0-34 

2*95 

84 

»4 

5*17 

4-33 

— 

8 

None 

None 

0-45 

4*70 

4*12 

3-54 

— 

9 

4*58 

0*11 

0*39 

2*41 

104 

5*08 

3-88 

— 

10 

704 

0-13 

0*47 

3-08 

114 

4*92 

3-02 

— 

11 

None 

None 

0*33 

1*10 

124 

5*10 

3-97 

— 

12 

9-59 

0*10 

0*07 

0-45 


* Jugular post mortem sample. 

those of the earlier fasts occurs. It is also notioeable that the fall in blood P level 
is coincident with the marked rise in the urinary P percentage and this points 
to the establishment of an equilibrium at the renal tubules. Further considera¬ 
tion of the urinary P of Exp. 5 will be given later. 

Ca excretion. It has already been noted that urinary Ca is invariably low. 
This has been determined throughout the two fasts recorded and shows no 
significant change. The faecal Ca output declines from its initial high values, a 
result which may be due to grass feeding, but the output is maintained at a 
steady level, indicating again a continuous mobilization of bone tissue. 

Faecal P. Faecal P output is also maintained at an appreciable level even in 
the later fasting period, although decreasing from its original figure. If a balance 
sheet is struck of the mobilization of P reserves in the body on the lines already 
indicated the part played by protein and bone respectively in the maintenance of 
bodily activity may be calculated. The data of Table V pertaining to the present 
experiments have been drawn up on these lines. The agreement between the 
calculated and observed values of P excretion is good in Exp. 5 but in Exp. 6 a 
low urinary output, suggesting a suppression of urine and a formation of urinary 
calculi in the later days of the fast, leaves a fairly large proportion of the expected 
P excretion unaccounted for. Whilst protein is seen to contribute the larger part 
of the P excreted, the utilization of the skeletal tissue P is remarkably rapid in 
onset and its magnitude is not inconsiderable., One interesting feature of these 


Exp. no. 

3 

4 

5 

6 


P derived 
from protein 
g./day (mean) 

2-97 

2-85 

212 

311 


P derived 
from bone 
g./day (mean) 

1-31 

210 

0*49 

2*32 
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balance sheets is the agreement in three of the fasts between the relative utiliza¬ 
tion of protein and bone P and the dissimilarity of the fast of Exp. 5. 

Exps. 3 and 5 were carried out on one animal and Exps. 4 and 6 on another. 
In Exp. 3 there is a suggestion that the mineral reserve was not capable of mobili¬ 
zation to the extent seen in Exps. 4 and 6 and in the second fast with this animal 
the failure of bone mobilization is most evident. This failure was characterized 
by marked symptoms of tetany, necessitating the destruction of the animal, and 
if reference is made to Table VIII the clinical picture is one of very low blood 
inorganic P accompanied by a diminished urinary P excretion. Presumably 
investigation would also have shown a low blood Ca. 

It appears then that during fasting effective and continuous mobilization of 
Ca and P from skeletal tissue is necessary, not only to maintain the level of these 
constituents in the blood but also to aid in the maintenance of tissue neutrality, 
to preserve a renal equilibrium and possibly to facilitate the conversion and 
transport of body reserves to meet energy requirements. 

General Summary. 

A study of various constituents of blood during fasting and after meals of 
varying fat content is reported. With the exception of lipin and of acid-soluble P, 
no constituent showed any consistent change in level. Lipin P was decreased by 
effective periods of fasting, whilst inorganic and organic acid-soluble P were 
markedly increased, indicating extensive catabolism of body P. The source of 
this P is discussed. It is concluded that, apart from the two types of P, the level 
of the blood constituents investigated is not affected in the ruminant by the pro¬ 
cesses of digestion and absorption. 

Continuous excretion of Ca and P was found during effective fasting of 
ruminants. The blood P level is correlated with the urinary P output. The 
source of the continuous excretion of P is endogenous and is shown to be derived 
from bone and phosphoprotein material. The necessity for this dual mobilization 
is discussed and an interesting case of failure to maintain effective mobilization is 
reported. 

We are particularly indebted to Mr A. B. Fowler and Mr 8. J. Edwards who 
obtained the blood samples. It is a pleasure to acknowledge the helpful interest 
of Prof. H. J. Channon, Dr N. C. Wright and Dr J. A. B. Smith. 

One of us (F. X. A.) is indebted to the Agricultural Research Council for the 
grant of a scholarship durihg the tenure of which this work was carried out. 
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CCLVI. THE MICRO-DETERMINATION OF 
GLYCINE IN PROTEIN HYDROLYSATES. 
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The separation of the amino-acids obtained on protein hydrolysis into three 
fractions by means of the differing solubilities of their copper salts as indicated 
in previous publications [Town, 1928 ; 1936] is generally satisfactory in that the 
amino-acids are largely found in those fractions to be expected from the known 
properties of their copper salts. Overlapping due to the formation of mixed 
copper salts and to changes in the solubility of the copper salts due to the 
presence of other soluble salts occurs only to a very small extent. 

Although however this separation into large fractions is workable, separation 
of the individual amino-acids by fractional crystallization is very difficult. The 
author has therefore been carrying out concurrently a search for specific pre- 
cipitants for some of the amino-acids. In particular, substances analogous to 
flavianic acid have been studied, all being aromatic compounds containing the 
0-nitrophenolic grouping. The only success was obtained in the case of nitranilic 
acid which is 2:o-dihydroxy-3:6-dinitro-^-benzoqtiinone of the formula: 


0 



0 


Nitranilic acid acts as a strong dibasic acid and forms a salt with glycine of 
the formula (C 2 H 6 0 2 N) 2 . C 6 (0H) 2 (N0 2 ) 2 0 2 . This salt is soluble in water to the 
extent of 0*8%, but is practically insoluble in 80-100% alcohol. The acid gives 
no precipitate with alanine, valine, leucine, phenylalanine, glutamic acid or 
tryptophan, although with the latter the solution becomes very dark. Glycine 
nitranilate crystallizes in large yellow octahedral crystals which darken rapidly 
on heating to 120°; it is therefore dried in vacuo over H 2 S0 4 . Nitranilic acid 
solutions decompose readily on standing, so that in forming the derivative the 
requisite amount of acid is weighed out, dissolved in a few ml. of alcohol and 
added to the solution to be precipitated. 

As indicated below the precipitant has been used to separate an artificial 
mixture of glycine and alanine, and also to estimate the glycine in gelatin and in 
caseinogen, these two proteins being chosen as respectively rich and poor in 
glycine. A solution containing 100 mg. glycine and 162 mg. alanine was separ¬ 
ated to the extent of 98% by treatment with this precipitant. The presence of 

( 1833 ) 
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mineral acids has no harmful effect and the amino-acids are conveniently dis¬ 
solved in alcohol in the form of their hydrochlorides. 

In applying the process to the estimation of glycine in protein hydrolysates, 
it is important to ensure the absence of inorganic cations, among which Na, K, 
NH 4 , Ca and Ba all form sparingly soluble nitranilates. Once these interfering 
substances are removed it is possible to estimate the glycine content of a protein 
using only 200-300 mg. of material. 

Determinations carried out on gelatin and caseinogen gave the following 
results: 

% of glycine in protein 

__ A ___ 

f \ 

As nitranilato Accepted figures 

Gelatin 25-9 25*5 

25*3 — 

Caseinogen 3*73 0*45 

3*40 — 


In the case of gelatin an attempt was made to isolate glycine from the 
nitranilate as its 3:5-dinitrobenzoyl derivative according to Saunders [1934] and 
a crude yield of 82 % was obtained, the yield of pure substance being 27 %. 
This confirms that it was actually glycine that was precipitated from the gelatin 
by the nitranilic acid. The figures quoted for gelatin are those of Dakin [1920] 
and for caseinogen those of Foreman [1919]. In view of the utility of nitranilic 
acid as a specific precipitant for glycine, the preparation and investigation of 
substances of analogous constitution is being undertaken. 

Expbeimental. 

Preparation of nitranilic acid. l:4-Diacetoxybenzene (20 g.; by acetylation of 
quinol) was treated very slowly with fuming HNO a (about 10 ml.) at a tempera¬ 
ture not exceeding 5° and the resulting solution added very slowly to 70 ml. 
fu min g HNO a at 2° with continuous mechanical stirring and maintenance of 
the temperature below 5°. This process occupied about an hour. Cone. H 2 80 4 
(65 ml.) was then added dropwise with stirring, below 5° and during about 3 hours. 
On continued stirring for a further hour the nitranilic acid crystallized out. The 
mixture was poured into 10 vol. of ice in a beaker, cooled in ice-salt, and the 
crystals were collected rapidly on a sintered glass funnel. The crude substance 
was dried in vacuo over H 2 S0 4 and KOH and recrystallized from boiling ethyl 
acetate; yellow prisms; yield 10*6g. 

Separation of a mixture of alanine and glycine . 162*2 mg. alanine and 100*8 mg. 
gylcine were treated with 1 ml. cone. HC1 and 12 ml. water, and the solution was 
evaporated to 4 ml.; 25 ml absolute alcohol were added and then 300 mg. 
nitranilic acid in 5 ml. absolute alcohol. A fine yellow precipitate formed almost 
immediately, but was kept in the ice-chest for several hours. The precipitate was 
filtered off, washed with alcohol and dried over HgS0 4 in vacuo ; yield 247*8 mg., 
corresponding to 98 % recovery. 

Estimation of glycine in gelatin . 7*079 g. Coignet’s gold label gelatin were kept 
overnight with 100 ml. cone. HC1 and then refluxed for 24 hours. The solution 
was evaporated to dryness on a water-bath to remove excess HC1, the residue 
dissolved in water and made up to 250 ml. 10 ml. of this solution (equivalent to 
283*2 mg. gelatin) were treated with 15 ml. baryta (0*328 N ) to make it distinctly 
alkaline to phenolphthalein and air was then drawn through the solution for 
1 hour in a water-bath at 70° to remove ammonia. The liquid was just acidified 
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to Congo red by addition of 2 ml. of 4# H2S0 4 , the BaS0 4 filtered off and washed 
and the filtrate and washings evaporated to4ml. Absolute alcohol (30ml.) was now 
added and a further slight precipitate of BaS0 4 filtered off. To the clear alcoholic 
solution 300 mg. nitranilic acid in 5 ml. of alcohol were added and the whole 
kept overnight. A well crystallized precipitate formed almost immediately, 
which after due time was filtered off, washed with absolute alcohol, dried in vacuo 
over H 2 S0 4 for 24 hours and weighed. Yield 181*6 mg. A second experiment 
gave 185*7 mg. These figures correspond to yields of glycine of 25*35 and 25*9 % 
respectively. 

Estimation of nitranilic acid in the glycine nitranilate. 122*4 mg. of the 
glycine nitranilate obtained above were dissolved in 35 ml. cold water (nitranilic 
acid decomposes readily in hot solution), and 2 ml. N BaCl 2 added: a yellow 
crystalline precipitate of barium nitranilate immediately separated in shining 
plates. After some hours the precipitate was filtered off, washed with alcohol, 
dried at 100° for an hour, cooled and weighed. The weight of barium nitranilate 
was 116*8 mg. corresponding to a nitranilic acid content of 60*0 % (calc. 60*5 %). 
160*1 mg. glycine nitranilate obtained in the second experiment gave 153*2 mg. 
barium nitranilate corresponding to 60*2% of nitranilic acid. These figures 
indicate that the material precipitated by the nitranilic acid from the hydro¬ 
lysed gelatin is essentially glycine. 

Isolation of 3 : 5-dinitrobenzoykjlycine from the glycine nitranilate. The filtrate 
from the barium nitranilate obtained from the 122*4 mg. glycine nitranilate 
used above was treated with 0*8 ml. 4 N H 2 S0 4 to remove excess Ba, and 
the filtrate from the BaS0 4 was evaporated to 5 ml. NaOH was added 
till the solution was just alkaline to phenolphthalein followed by 1*4 ml. 
N NaOH and 160 mg. 3:5-dinitrobenzoyl chloride and the whole shaken 
for 5 min. The mixture was now acidified with dil. HCI and the precipitated 
3:5-dinitrobenzoyl compound filtered off. Yield 122 mg., corresponding to 
a crude yield of 82*3 %. The crude material (m.p. 160°) was boiled once with 
benzene to extract any free 3:5-dinitrobenzoic acid and then recrystallized 
from hot water, after which it had m.p. 175°; a second crystallization gave 
34*7 mg. pure 3:5-dinitrobenzoylglycine, m.p. and mixed M.P. 180°, corresponding 
to 25 % of the glycine present and again confirming the identity of the material 
precipitated by the nitranilic acid. 

Estimation of glycine in caseinogen. 0*7855 g. caseinogen was hydrolysed by 
refluxing with 25 ml. cone. HCI for 24 hours; the solution was evaporated to 
dryness on a water-bath and the residue dissolved in water, filtered from humin 
material and made up to 25 ml. 10 ml. of this solution treated exactly as de¬ 
scribed under the hydrolysis of gelatin, yielded 29*7 mg. glycine nitranilate 
corresponding to 3*73 % glycine in the caseinogen. A second experiment gave 
27*0 mg. nitranilate, equivalent to 3*40% of glycine. These two precipitates 
contained 61-0 and 62*5% of nitranilic acid respectively. 

Summary. 

A method has been evolved for the micro-determination of glycine in protein 
hydrolysates. The method has been applied to two representative proteins: one, 
gelatin, rich in glycine, and the other, caseinogen, poor in this amino-acid. The 
results in the case of gelatin agree fairly closely with those previously recorded, 
whilst in the case of caseinogen they are much higher than the accepted values. 
This may be due to the volatility of glycine ester which caused losses in the 
isolation by the ester method. 
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Town [1928] outlined a method for the separation of the amino-acids by means 
of their Cu salts and for the isolation of proline in a state of purity: in the present 
paper modifications of the method are described and the yield of proline from 
gliadin as determined by isolation as the picrate is indicated. 

Proline was first isolated by Fischer [1901] from the hydrolysis products of 
caseinogen by the ester distillation method. Later [ lflio] he improved the 
method of isolation, extracting the rfZ-proline with alcohol from the alkaline 
hydrolysate of gelatin and isolating it as the alcohol-insoluble Cu salt. This 
was the usual method of estimation of proline until Van Slvke suggested that 
it could be estimated bv a determination of the non-amino-N in the alcohol- 
soluble portion of the amino-acids. This method gives results considerably 
higher than those of direct isolation; for example, in the case of gliadin, Osborne 
& Clapp [1906] obtained by isolation a proline content of 7*06%, whereas later 
Osborne & Guest [1911] by Van Slvke's method found 13*2%. 

In the course of the present work six hydrolyses, each of 600 g. of protein, 
have been carried out. In the early hydrolyses, important findings were: (1) pro¬ 
line is difficult to extract with cold absolute alcohol, indeed the pure substance 
is only sparingly soluble; (2) proline is partly precipitated by phosphotungstic 
acid and this reagent therefore is not a specific precipitant for the bases [compare 
Thimann, 1930]; (3) proline can be effectively separated from other amino- 
acids by means of the solubility of its Cu salt in cold absolute methyl alcohol; 
(4) proline can be isolated in a pure state from this Cu salt, after decomposition, 
as the picrate.. 

A survey of the available literature indicates that the Cu salts of the amino- 
acids falls into three characteristic groups: 

Group 1 . Cu salts soluble in methyl alcohol and also in water: Proline, 
hydroxyproline, woleucine, valine, the “hydroxyvaline” of Schryver and the 
peptide of phenylalanine and proline isolated from gliadin by Osborne. 

Group 2. Cu salts insoluble in methyl alcohol but soluble in water: Glycine, 
glutamic acid, serine/alanine, arginine, histidine, lysine and also “hydroxy- 
glutamic acid ” and the pyrrolidone compounds. 

Group 3 . Cu salts insoluble in water and in methyl alcohol: Leucine, phenyl¬ 
alanine, tyrosine, aspartic acid and cystine. 

A fourth hydrolysis indicated that 98 % of the total N was accounted for in 
this gross separation of Cu salts. Only the methyl alcohol-soluble fraction of 
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the latter is considered in this paper. This fraction from the fourth hydrolysis 
yielded pure proline picrate by the earlier method [Town, 1928]. 

The methyl alcohol-soluble Cu salt fraction from the fifth hydrolysis (500 g. 
protein) was decomposed and the proline removed as its picrate (95 g.), the 
mother liquor being extracted with ether. 

The ether-insoluble fraction , which still contained picric acid, was freed from 
the latter and reconverted into Cu salts which were extracted with methyl 
alcohol; the insoluble portion was rejected. The soluble portion was decom¬ 
posed and the resulting alcoholic solution treated with alcoholic CdCl 2 to pre¬ 
cipitate any residual proline. The filtrate, freed from Cd, was saturated with 
HC1 gas and filtered from a small quantity (5 g.) of glutamic acid hydrochloride; 
removal of HC1 left a syrup which contained no proline and from which nothing 
could be isolated. 

The ether-soluble fraction was also converted into Cu salts and extracted with 
dry methyl alcohol. The alcoholic solution of the amino-acids recovered from 
the soluble Cu salts was precipitated with alcoholic CdCl 2 to remove traces of 
proline. The filtrate, after various unsuccessful attempts to precipitate it with 
nitro-compounds analogous to picric acid, was dried in vacuo and extracted with 
acetone in a Soxhlet apparatus. The large soluble portion contained diketo- 
piperazines and was left for future examination. The acetone-insoluble residue 
gave Cu salts consisting of a very soluble minor fraction and a major fraction 
sparingly soluble in water; from the latter, after decomposition and fractional 
crystallization of the amino-acids from alcohol, there were obtained 1*43 g. 
leucine and 3*5 g. isoleucine. Confirmation of this isolation will be reported 
separately [compare Town, 1929]. 

The total yield of proline obtained in this hydrolysis was 37*7 g.—equivalent 
to 8-50 % of the dry protein—but it was obtained in three fractions as follows: 

g* 

As proline picrate . 31*7 

As CdCl 2 ppt. from ether-insoluble fraction ... 2-7 

As Odd* ppt. from ether-Boluble fraction ... 3-3 

3T7 

This yield of proline it is to be noted approximates more closely to that obtained 
by Osborne & Clapp [1906] by direct isolation than to the figure deduced by 
Osborne & Guest [1911] from determination of non-amino-N. This hydrolysis 
however suffered from two important defects. The first was that the separation 
of glutamic acid as water-soluble Cu salt was incomplete; although only 2*06 % 
of the glutamic acid came through in the wrong fraction, its presence rendered 
the isolation of the proline much more difficult. The second defect was that the 
proline was not completely precipitated as the picrate and also that the picrate 
has an appreciable solubility in ether; extraction of unprecipitated picrate with 
ether however removed also much troublesome diketopiperazine material. 

The sixth hydrolysis, described in more detail below, was designed to over¬ 
come these defects. The dicarboxylates were removed from the HgSO^free 
hydrolysate as Ba salts insoluble in 75% alcohol. The filtrate was concentrated 
at low temperature under reduced pressure to remove ammonia along with the 
alcohol, freed quantitatively from Ba and then converted into Cu salts. The 
methyl alcohol-soluble Cu salts were decomposed, the amino-acids taken up in 
95% alcohol and the proline precipitated with alcoholic CdCl a . Only the in¬ 
vestigation of the CdCl 2 precipitate has been completed and is described here; the 
filtrate is being examined at present and the results will be communicated later. 
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The CdCl 2 precipitate was decomposed and the aqueous filtrate treated with 
picric acid, yielding 156 g. proline picrate. The mother-liquor from this yielded 
ether-insoluble and ether-soluble fractions of which the latter contained, besides 
picric acid, appreciable quantities of diketopiperazines which are being examined; 
the ether-insoluble fraction, containing 4*85 g. N, was subjected to Vickery’s 
procedure for the removal of the basic amino-acids which preliminary tests had 
indicated to be present, after which there was finally obtained a further crop 
of 7-97 g. pure proline picrate. 

The total yield of proline obtained in this hydrolysis is 55-0 g., obtained as 


follows: 


Wt. of picrate 

Wt. of proline 



g- 

g- 


1 st crop 

1500 

52-0 


Final crops 

8-0 

2*7 



0-8 

0*3 



104-8 

55*0 


This corresponds to 10*34 % of the dry protein, or expressed as proline N/total N 
to a yield of 7*32% of the total N. 

It seems important to the author that all results should be expressed in the 
latter manner, as otherwise unduly favourable figures are obtained for the 
yields of the protein hydrolysis products. The result obtained above is believed 
to represent with some accuracy the yield of proline from gliadin. It may be 
objected that the other fractions of the Cu salts or the CdCl 2 filtrate from the 
methyl alcohol-soluble Cu salt fraction still contain proline. These fractions 
however have now been examined in sufficient detail to prove the absence of 
proline; the results of this examination will be reported later. It will be noted 
that the yield of proline obtained above is higher than that previously obtained 
by direct isolation, but definitely lower than the figure obtained by merely 
determining the alcohol-soluble non-amino-N; this is due to the presence of 
peptides and diketopiperazines some of which are very resistant to hydrolysis. 
An important feature of this separation is that 94*6% of the proline was re¬ 
moved in the first crops of picrate; the examination of the residue although 
occupying several months gave but little to increase the yield: moreover, the 
picrate obtained was pure and scarcely needed the one recrystallization which 
it was given. 

Experimental. 

600 g. gliadin containing 10*22% moisture, 1-08% of ether-soluble material 
and 15*27 % N were boiled under reflux for 36 hours with 30% H 2 S0 4 (510 ml. 
cone, acid to 2500 ml. water). The total N in the hydrolysed protein was 91*6 g. 
The hydrolysed solution was diluted with 5100 ml. water and the humin filtered 
off (8*6 g.; N, 0*3 g.). The filtrate was now treated with hot aqueous baryta 
until just acid to Congo red, the BaS0 4 being filtered and washed twice with 
boiling water (wt. of BaS0 4 , 2214 g. ; N, 3*02 g.). The filtrate and washings 
were concentrated to 2870 ml. (N, 88*0 g.) and 786 g. of baryta in hot water 
added. To the resulting 5 1. of solution, 15 1. 95% alcohol were added with 
constant stirring and the bulky precipitate of barium dicarboxylates allowed to 
settle overnight before filtration. The examination of the dicarboxylates has 
been completed and will be described later. 

The filtrate and washings from the dicarboxylates were freed from alcohol 
and ammonia by concentration under reduced pressure (bath at 50°). Removal 
of ammonia at this stage greatly facilitates the later separation of the Cu salts. 
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The concentrated solution (4600 ml.) was freed from Ba (wt. of BaS0 4 , 372 g.; 
N, 0*56 g.), further concentrated to 41. (N, 41*4 g.) and then evaporated on the 
water-bath with 200 g. of pure Cu(OH) 2 until a thick viscous mass was obtained 
which was granulated with acetone in the manner previously described [Town, 
1928]. After complete removal of acetone in vacuo over HjSO^ the dry salts 
(565 g.) were extracted six times by shaking with 1*5 1. dry methyl alcohol for 
2 hours. The residue was then similarly extracted four times with water. By 
the above fractionation the amino-acids have been divided up as follows: 

Total N in fraction 
(after removing metals) 


g. % of total N 

Dicarboxylates 24*61 26*9 

NH. distilled from filtrate of dicarboxylates 24*10 26*3 

Methyl alcohol-soluble Cu salts 24*82 27*1 

Water-soluble Cu salts 8*60 9*4 

Water-insoluble Cu salts 6*77 7*4 


88*90 97*1 


It will be seen that no serious losses occur in this fractionation, for 97*1 % 
of the total N has been accounted for, and the remainder is mainly adsorbed on 
the BaS0 4 precipitate. 

The methyl alcohol-soluble Cu salts (with which this paper is concerned) 
were dissolved in water and freed from Cu and the solution of the amino-acids was 
evaporated to small bulk (N, 24*82 g.). 41. 95 % alcohol were now added and 6 g. 


BaS0 4 
3*02 g. N 


Ba salts of 
dibasic acids 


Gliadin 
916 g. N 


Hydrolysis 


Removal of HjSC^ 


Amino-acids 
88*0 g. N 


Ba(OH). and 3 vol. 
95% alcohol 


Monoamino-acids 
as Ba salts 


Ammonia 


BaS0 4 
0*86 g.N 


Dibasic acids 
24*61 g. N 


BaS0 4 
0*56 g. N 


Amino-acids 
41*4 g. N 

Cu salts 


MeOH-soluble Cu salts 


CuS 

0*34 g. N and 
0*3 g. N in 
BaS0 4 


Amino-adds 


Evaporated and 
treated with alcohol 


Tyrosine 
0*5 g. N 


Alcohol-soluble 
amino-adds 
22*9 g. N 


MeOH-insoluble Cu salts 


Water-soluble 
Cu salts 


Amino-adds 
8*60 g. N 


Alcoholic CdClj 


CdCL ppt. 
13*90 g. N 


CdCll filtrate 

8*95 g. N 


Water-insoluble 
Cu salts 


Amino-adds 

6*77 g. N 
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of tyrosine which separated were filtered off. The solution was now treated with 
saturated 95 % alcoholic CdCl 2 to complete precipitation. Both precipitate and 
filtrate were dissolved in water and freed from Cd and Cl. The whole process is 
summarized diagrammatically above (p. 1840). 

Examination of the CdCl 2 precipitate. 

The aqueous solution (1 1.) of the fraction after removal of the Cd and Cl 
contained 13*62 g. N of which 26-5% was amino-N. The solution was treated 
at boiling point with picric acid (163 g.) equivalent to the non-amino-N present; 
on cooling the solution set to a paste of crystals of proline picrate; these were 
collected and recrystallized from hot water. Weight of 1st crop, 138 g. ; m.p. 
153°. (Picric acid as nitron picrate 66*7%; theory 66-6%.) 

The filtrate on concentrating to 500 ml. and cooling in the refrigerator yielded 
a 2nd crop which after rccrystallizing amounted to 7*5 g. ; m.p. 153°. (Picric 
acid 66*5 %.) On concentrating the mother-liquor to 200 ml. a 3rd crop was 
obtained; wt. after washing with ether and recrystallizing 9*0 g.; m.p. 153°. 
(Picric acid 66*7%.) Further concentration to 100 ml. gave another 1*5 g. 
proline picrate the total weight so far obtained thus being 156 g., corresponding 
to 52-2 g. proline or 6-34 g. N. This is a yield of 9*8 % of the protein or 6*92 % 
of the total N. The solubility of proline picrate was determined at this stage; 
50 ml. of a saturated solution at 26° on evaporation to dryness gave 1*096 g. 
proline picrate, corresponding to a solubility of 2*2 % at 26°. 

The mother-liquor from the picrate was diluted with an equal volume of 
water and extracted with ether: the aqueous solution was then strongly acidified 
with H 2 S0 4 , the precipitated picric acid filtered off (20 g.), and residual picric 
acid removed by extraction with ether. The final aqueous solution contained 
4*85 g. N. 

All the ether extracts were mixed, freed from ether, decomposed with an 
excess of H 2 S0 4 , picric acid (22 g.) filtered off and the N determined; found 
1*67 g. The N of the CdCl 2 precipitation thus accounted for is: 

g- N g. 

6-34 Original N content 13*62 

4*85 
1*67 
0*76 

13*62 

The ether-extracted material on freeing from H 2 S0 4 and evaporation in 
vacuo solidified; it was very soluble in water and gave a slight floceulent pre¬ 
cipitate with phosphotungstic acid. Amino-N was 43*6% of total N and the 
fraction contained appreciable quantities of diketopiperazines. It has not yet 
been systematically examined. 

Examination of mother-liquor from proline picrate. This fraction (4*85 g. N) 
was evaporated to a syrup which was insoluble in acetone and alcohol but soluble 
in 60% alcohol. Amino-N was 55% of total N and was not increased on pro¬ 
longed hydrolysis with cone. HC1, thus indicating the absence of peptides. The 
fraction gives no precipitate with alcoholic CdCl 2 , a small precipitate with 
mercuric acetate in 50 % alcohol and a heavy precipitate with phosphotungstic 
acid. It contains no ammonia or tyrosine and gives an amorphous Cu salt 
soluble in methyl alcohol. When treated according to Vickery & Leavenworth 
[1928] it yielded 0*68 g. histidine difiavianate, 6*0 g. arginine flavianate equi¬ 
valent to 2*14 g. arginine and 0*71 g. lysine picrate. The recovery of these bases 


As proline 

In mother-liquor from proline 

In ether extracts 

Loss 
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was accompanied by appreciable losses of N, the nature of which could not be 
determined. 

The residue not precipitated by phosphotungstic acid in the above separation, 
after freeing from precipitants, contained 2*76 g. N of which 61 % was amino-N. 
On evaporation it yielded a syrup insoluble in alcohol but soluble in 60% 
alcohol; no crystalline picrate could be obtained from it. The solution in 60% 
alcohol on standing in the ice-chest deposited 3*20 g. of well crystallized material 
containing 13-23% N and identified as serine. 

The filtrate from this on evaporating at room temperature deposited 2-66 g. 
of a material crystallizing in rosettes of needles containing 12-0 % N; m.p. 237°. 
This material is not valine, because although apparently homogeneous it yields 
no phenyKaocyanate or 3:5-dinitrobenzoyl derivative. It is being further in¬ 
vestigated. 

After these substances had separated there was left a solution containing 
1-82 g. N of which .50% was amino-N. After preliminary experiments it was 
treated with 15% mercuric acetate in 50% methyl alcohol; the precipitate 
after decomposition gave a solution (0-19 g. N) from which after evaporation 
and treatment with alcohol there was obtained 0-54 g. more of serine. 

The filtrate from this precipitation on diluting with twice its volume of 95 % 
alcohol deposited a further copious precipitate of mercury salt which was 
collected and decomposed. The solution (0-63 g. N; 68 % amino-N) was evaporated 
to a syrup from which, by long keeping with methyl alcohol, 0-69 g. of sub¬ 
stance crystallizing in tetrahedra was obtained (N, 14-95%; a-naphthyliso- 
cyanate m.p. 184°). An accident caused the loss of the rest of this fraction. 
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The residue, not precipitated by mercuric acetate, after freeing from reagent 
contained 0-92 g. N (36% amino-N) but gave only a syrup on evaporation. 
Picric acid equivalent to the non-amino-N was added and the mixture was left 
in the ice-chest; 7*2 g. proline picrate were obtained having m.p. 149°, raised to 
153° after one recrystallization (picric acid 66*5 %). The solution on repeated 
concentration gave further crops which were fractionally crystallized yielding 
0*77 g. proline picrate and 2*33 g. sodium picrate which probably originated 
from the baryta used in the precipitation of the dicarboxylates. 

The mother-liquor from these picrates, freed from picric acid, still contained 
0*51 g. N. It was precipitated with methyl alcoholic mercuric acetate and from 
the non-precipitated portion 0*8 g. proline picrate, m.p. 149°, was isolated. No 
other identifiable component could be obtained. The results of the above series 
of operations are indicated in the above scheme (p. 1842). 


Discussion. 

A balance sheet of the distribution of the N in the CdCl 2 precipitate of the 
methyl alcohol-soluble Cu salts appended below indicates clearly the substances 
which have been isolated as well as the losses of N which have been incurred. 

N distribution in the CdCl 2 precipitate. 




Original N 


N (g-) 

content 

1st (Tops of proline picrate 6*34 g. 


13-62 g. 

Final crops of proline picrate 0-36 g. 

6-70 


Diketopiperazine material 

1*67 


Histidine 

004 


Arginine 

0*09 


Lysine 

0-05 


Losses in pptn. of bases 

1-25 


Serine 

0-50 


Substance with 12-0% N 

0-32 


Substance with 14-95% N 

0-10 


Loss due to accident 

0*50 


In final syrup 

0-44 

12-26 


Unaccounted for; i.e. lost on ppt. etc. 

1-36 

13-62 



Although the losses are high, it must be remembered that this examination 
was carried out under no standard plan, the method of attack having to be 
determined at each stage; it has been of an exploratory nature (the results 
have not been corrected for the material used in the N determinations). Also 
the examination of the proline fraction is well known to be difficult. The in¬ 
vestigation shows that 49*2 % of the N of the fraction is proline-N. 

According to the literature the methyl alcohol-soluble Cu salts should be 
those of proline, hydroxyproline, isoleucine, valine and the peptide phenyl- 
alanylproline. Of these tsoleucine and valine are not precipitated by alcoholic 
CdCi 2 and should be in the CdCl 2 filtrate. The investigation of this fraction has 
proceeded far enough to say that these amino-acids are definitely present and 
the details will be reported later. 

The amino-acids serine, arginine, histidine and lysine have come through 
from the water-soluble Cu salt fraction to the extent of 13-7, 2-0, 8*0 and 29-2 % 
respectively on the basis of the figures of Osborne et al. [1915] for the percentages 
of these amino-acids present in gfiadin: thus the leakages into the wrong fractions 
are quite small, being serious only in the cases of arginine and serine. These 
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amino-acids also are not the main hydrolytic products of the protein. The 
investigation of the water-soluble and the water-insoluble fractions has pro¬ 
ceeded far enough to indicate that they contain substantially the amino-acids 
to be anticipated. It therefore appears that the separation of amino-acids by 
means of their Cu salts may be of some permanent value and perhaps contribute 
to the elucidation of that fraction of the total N of proteins which is as yet un¬ 
accounted for, and which unfortunately is still a considerable proportion of the 
whole. 

Summary. 

An investigation is being carried out to determine whether the differences in 
the solubilities of the Cu salts of amino-acids can be applied to effect their 
separation. 

In the gross separation of the Cu salts into three fractions 97 % of the N can 
be accounted for. 

The examination of the CdCl 2 precipitate obtained from the methyl alcohol- 
soluble Cu salts is described in detail. 

The yield of proline from gliadin has been determined by direct isolation as 
the picrate, this amino-acid being the chief component of the CdCl 2 precipitate. 

The yield obtained of 10-34% is believed to represent with some accuracy 
the proline content of gliadin. The figure is considerably higher than that 
previously obtained by isolation, but much lower than values obtained by 
determination of the non-amino-N. This is due to the presence of diketopi- 
perazines, which have been isolated but not yet identified. 

Other amino-acids, notably arginine and serine, which should belong to 
the water-soluble Cu salt fraction, find their way into the methyl alcohol-soluble 
Cu salt fraction to a small extent. 

The examination of the CdCl 2 filtrate from the methyl alcohol-soluble Cu 
salt fraction is being continued and will be reported later. 

A large part of this work was carried out during the tenure of an Alexander 
Brown Coxe Research Fellowship at Yale University, Connecticut, U.S.A. The 
author is indebted to the late Prof. L. B. Mendel and to Dr H. B. Vickery for 
much helpful advice and encouragement while the work was being carried out 
in America, and also to the late Dr W. H. Hurtley during the continuation of 
the work at St Bartholomew’s Hospital Medical College. The author also desires 
to thank the Government Grant Committee of the Royal Society for a grant 
which defrayed many of the incidental expenses. 
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The measurement of titration curves affords a method of investigating protein 
solutions which is simple to manipulate and in principle easy to interpret; the 
interpretation in detail in terms of the dissociation constants of individual 
groups has not yet been carried out with success, although a semi-quantitative 
explanation has been given in some cases; it appears likely (for reasons to be 
published elsewhere) that a detailed interpretation is a matter of great com¬ 
plexity. 

For the present purpose interpretation was not the first object; it was 
required rather to be able by this means to compare the behaviour of different 
globulins. Identity or otherwise of the titration curves would be a strong argu¬ 
ment for the identity or difference of two specimens of protein. It was intended 
to use this as a companion method to that of spectrographic analysis described 
by Holiday [1936]. 

The first object was to establish the titration curves of normal horse pseudo¬ 
globulin and euglobulin. As well as measuring their titration curves, titrations 
were performed in the presence of formaldehyde to the amount of about 1-2 M in 
order to estimate the amounts of free primary amino-groups, by the method 
described by Kekwick & Cannan [1936]. 

Experimental. The method of titration was designed to give curves of 
moderate accuracy using as small an amount of solution as possible; with hydro¬ 
gen electrodes it is necessary to use the rocking type of half-cell described by 
Clark to avoid frothing of protein solutions; cells were made on this principle 
[described by Ogston & Peters, 1936] with a maximum capacity of 0-2 ml. which 
can be used with rather less than 01 ml. of solution. The electrodes are small 
platinum plates lying parallel to the length of the cell; hydrogen flows continu¬ 
ously over the surface of the liquid, escaping through a trap; titrant solutions 
2V/10 are added from capillary microburettes after removal of the hydrogen exit 
trap. Contact is made with the 3-5 N calomel electrode through a flexible con¬ 
nexion of rubber pressure tubing; closed unlubricated taps prevent any flow of 
liquid to or from the titration half-cell. 

In order to obtain accurate and reproducible curves the following pre¬ 
cautions were found neoessary. 

(1) The very small volume and titre of the solution make it especially 
sensitive to acid or basic impurities; trouble was experienced from the former. 
The hydrogen from a cylinder was washed first with ammoniacal cuprous chloride 
to remove oxygen, then very efficiently with 20% sulphuric acid to remove 
ammonia; it was then passed through two U-tubes containing “protosorb” 
soda-lime to remove acid spray and carbon dioxide; finally it was saturated with 

1 Freedom Research Fellow. 
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water vapour at the temperature of the thermostat. As much as possible of the 
hydrogen tubing should be of glass, since it appears that carbon dioxide can 
diffuse through rubber at a rate sufficient to cause marked drifting of the 
potential in alkaline solutions. A further source of acid impurity was the soft- 
glass of the first cell: a cell was therefore constructed of pyrex glass and used 
only for alkaline titrations since it evolved acid for two days after exposure to 
acid solutions. 

(2) Large errors (up to 15%) were found in volume delivory of protein 
solutions into the cell; it was found necessary to deliver these solutions by 
weight by means of a pipette made from 2 mm. capillary tubing having a long 
fine jet at one end and a rubber nipple at the other; this was weighed before 
and after discharge of solution, the error being estimated at not more than 
0 - 2 %. 

(3) It was advisable to platinize the electrode afresh before every run. 

Each branch of the curve was determined from two or three concordant runs 

with different electrodes and different portions of solution; thus each complete 
titration curve requires 04-0-6 ml. of solution which may be as dilute as 0*5 %. 
Buns with formaldehyde were usually not repeated unless there was reason to 
suspect their reliability; misbehaviour of these was easy to detect. Discordant 
runs were very uncommon. 

All measurements were made in an air thermostat at 25 + 0-2 ; potentials 
were measured with a Tinsley valve electrometer and slide wire potentio¬ 
meter. 

Materials. Horse serum proteins were used for this work since, they were 
easily available. They were prepared by ammonium sulphate precipitations as 
described by Holiday [1936], except for NEG ay vii which was made by dialysing 
whole serum; details in which the preparations differed are given in a column of 
the table. 

The concentrations of the protein solutions were estimated by total nitrogen 
determination by the micro-Kjeldahl method of Pamas & Wagner [1921], using 
a factor of 6*45 to convert into weight of protein. These measurements were done 
in parallel pairs with a control, and agreed to within 0-3 %. 

A strong stock solution of formaldehyde was prepared and estimated accord¬ 
ing to the directions of Levy [1933]. Formaldehyde solutions of the proteins were 
made up by weight in small vessels and used immediately. 

Remits . The results are given in the form of corrected titration curves in 
Fig. 1. Fig. 2 shows the actual points obtained in the titration of NPG vi to 
show the degree of reproducibility of the method. Fig. 3 shows a specimen form¬ 
aldehyde curve and the subtraction curve [vide Kekwick & Cannan, 1936] giving 
the amino-titre. 

Titrations have been performed only between pH 3 and 11; outside these 
limits the correction for the water blank leads to large uncertainties (a) because 
of the increasing importance of reproducibility of the liquid junction potential 
at high or low pH; 1 mv. is the best that can be claimed with this small cell; 
(b) because of the increasing importance at high or low pH of the uncertainty 
about the values of activity coefficients in protein solutions; for lack of better 
information values of the activity coefficients have been assumed to be those of 
solutions in the absence of protein. Correction for the base-binding of form¬ 
aldehyde has been applied using the formula of Levy [1934], 

In Table I ate given the amino-titres estimated by formaldehyde titration 
and the tyrosine and tryptophan contents estimated spectrographically [quoted 
from Holiday, 1936], expressed in milliequivalents per g. protein. 





litre; milliequi valents, g. 
Fig. 1. 



Titre; milliequivalent* /g. Titre; milliequi valents, g. 



Fig. 2. 


Table I. 


Fig. 8. 


Milliequivalente/g. 



% form¬ 



Trypto- 

Remarks 

Protein 

aldehyde 

Amino 

Tyrosine phan 

Pseudoglobulins. 

NPG v 

3*5 

0-44 

0*28 

0*13 

Three times precipitated 

NPG a vi 

3*9 

0*47 

0*29 

0 13 

Twice prec ipitated 

NPGvii 

3*7 

0*41 

0*35* 

0*15* 

Twice precipitated 

NPGiii 

3-0 

0*04 

0*31 

Euglobulins. 

0*14 

Three times precipitated: 
dried P t O s 

NEG v 

3*7 

0*41 

033 

0*14 ^ 


NEGvi 

3*8 

0*44 

0*37* 

°*i 5 I r 

Dialysis of whole globulin 

MEG jS vii 

37 

0*42 

0*38* 

0*15*J 

Dialysis of serum 

NEG ay vii 

3-8 

0*00 

0*39* 

0*18* 

NEGiv 

31 

0*01 

0*41 

Oil 

Dialysis of whole globulin; 
dried P a O, 


* E. R> Holiday: Private Communication. 
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Discussion. 

Apart from the two dried proteins NPGiii and NEGiv, which show an 
abnormally large titre at all values of pH and abnormal amino-contents, dif¬ 
ferences in the titration curves of both pseudoglobulins and euglobulins are 
evident; these differences are well outside the experimental error, as is shown by 
the identical curves given by NPG a vi and ft vi. Whilst the pseudoglobulins 
give the same shape of curve, differences in shape are found between the 
curves of the euglobulins; these latter have in general a greater titre than the 
pseudoglobulins. It is of interest that the two differently prepared vii euglo¬ 
bulins have different titration curves. The smallness of variation in the amino- 
figures is remarkable. They are of the same order as the highest figure obtained 
for globulin by Duli&re [1936]. 

McFarlane [1935] showed that a protein cannot be dried without becoming 
polydisperse, and that euglobulins prepared by ammonium sulphate precipita¬ 
tion are more polydisperse than pseudoglobulins so prepared. If polydispersion 
is accompanied by any breaking up of protein molecules, new groups should 
become available for titrations; this might account for the large titre of the 
dried proteins and for the greater titre of euglobulins as compared with pseudo- 
globulins. But it appears that new groups appearing in euglobulins cannot be 
primary amino-groups; nor is there any obvious correlation between the titre in 
alkaline solutions and the tyrosine contents of the proteins. 

The differences, at any rate of the pseudoglobulins, suggest that there may Ik* 
differences in the ampholyte properties of globulins prepared from different 
individuals; it is interesting to note that preliminary experiments on pseudo- 
globulins prepared from four different specimens of the same human blood show 
no significant differences. These results will be published in full in due course. 

Summary. 

1. A micro-method is described for determining the titration curves of small 
amounts of protein solution. 

2. The titration curves of several specimens of globulins from different 
horse sera have been determined; further evidence is obtained of the poly¬ 
dispersion in solution of dried proteins and of euglobulins prepared by ammonium 
sulphate precipitation. 

3. The results suggest that there may be differences in the properties of 
globulins prepared from bloods of different individuals. 

The author thanks Mr E. R. Holiday for advice and encouragement. 
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CCLIX. THE RELATIONSHIP BETWEEN 
CHEMICAL COMPOSITION AND MECHANICAL 
STRENGTH IN THE WOOD OF ENGLISH ASH 
(FRAXINUS EXCELSIOR LINN.). 

By KATHERINE FRIEDA BAMFORD and 
EDWARD DOUGLAS VAN REST. 

From the Sections of Chemistry and Physics , Forest Products Research 
Laboratory , Princes Risborough , Aylesbury , Bucks . 

*(Received 2o July 1936.) 

In the great majority of woods which have been investigated there is a strong 
correlation between specific gravity and certain mechanical characteristics. As 
a rule the higher the specific gravity the stronger the wood, although it is 
known that, in any single species, wide variations in strength may occur through- 
out a range of matched specimens of equal specific gravity. These latter variations 
have been ascribed [Clarke, 1935; 1936] to concomitant variations in the 
chemical composition of the wood cell walls which at the present time are not 
fully understood. Despite its obvious importance the relationship between 
chemical composition and strength in woody plants has hitherto received 
comparatively little attention. Dadswell 4; Hawley [1929] observed a higher 
cellulose content in tough white oak than in a single brash specimen of the 
same species, and Uno [1932] concluded that the strength of various species 
of bamboo increases with increasing cellulose content. The investigation by 
Luxford [1931] of the influence of minor components or extractives on the 
strength of wood will be referred to later. 

The object of the present study was in the first instance to determine whether 
the chemical comjK>ftition of ash wood varies wnthin a single tree as w ell as from 
tree to tree in a single locality, and in the second instance to attempt to corre¬ 
late chemical composition with strength figures already obtained for the same 
material [Armstrong, 1936]. 

Experimental. 

A 2-ft. bolt was cut at the same height from the ground from each of six 
representative English ash trees (Fraxinus excelsior) obtained from Holkham, 
Norfolk. Each bolt was sawn into two discs measuring 15 and 9 in. in diameter 
respectively and the pairs of discs were marked out on the transverse surfaces 
exposed by the common cross-cuts into the following concentric zones, 

A. Sapw T ood containing starch. 

B, C. Intermediate zones containing small amounts of starch decreasing 
from B to C. 

D. Heartwood containing no starch. 

The 15-in. discs being reserved for mechanical tests [Armstrong, 1936] each 
9-in, disc was sawn into the respective zones which, after air-drving, were 
separately converted into sawdust. The 80-100 mesh material was analysed 
according to the method of Sohorger [1926] except that the digestion with 72 % 
sulphuric acid in the lignin determinations was carried out at 10 + 0-5° using 
12*5 ml. of acid per 2 g. sample of air-dry wood flour (Table I). 

( 1849 ) 



Table I. 

(All results expressed as percentages by weight of oven-dry 80-100 mesh wood.) 
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Four of the trees examined contained the heartwood discoloration known as 
“black-heart”. This has been shown by Armstrong [1936] to have no detectable 
effect on the mechanical strength of the wood. The results in Table I indicate 
that “black-heart” does not appear to be associated with any irregularities in 
the relative proportions of the major components present in the trees in which 
it occurs but rather with some constitutional peculiarity in the extractives. 
This view is supported by the observation that an evaporated aqueous or 
alcoholic extract of “black” heartwood possessed a strong phenolic odour which 
was not detected in extracts obtained from normal wood. This aspect of the 
difference between normal and “black” heartwood could not be followed up 
owing to lack of available material. 

Discussion. 

The results in Table I show that the chemical composition of ash wood is 
not uniform throughout the cross-section of the tree. The cellulose content 
exhibits a consistent increase in passing from the periphery towards the pith. 
The extreme differences in cellulose content between heartwood and sapwood 
may be as great as 7 % of the dry weight of the wood substance. It is further 
observed that the heartwood of ash contains less extractives and slightly less 
lignin than sapwood. Of the three major wood components the furfuraldehyde- 
yielding complexes exhibit the least fluctuations within individual trees and it is, 
therefore, obvious that the Cross and Be van cellulose isolated from the heart- 
wood contains a higher proportion of hexosans than that isolated from the 
intermediate zones and sapwood. 

The results in Table 1 suggest the following two important conclusions for 
ash wood, which may conceivably be applicable to other hardwood species. 

(1) Because of the variations in composition within individual trees it would 
be difficult or impossible by means of a limited number of analyses carried out 
by current methods to differentiate chemically between trees of the same species. 

(2) The relatively high specific gravity and consequently the relatively high 
mechanical strength of heartwood is not solely due to the greater density of 
wood substance. An additional factor, namely the amount and composition 
of the Cross and Bevan cellulose, must be taken into account. 

Statistical analysis of results . 

The complete set of mechanical data obtained by Armstrong [1936] which 
correspond to the chemical data in Table I are not recorded here, but average 
figures are given in order to illustrate the degree of variation in compressive 
strength between the various zones in each tree. The discussion which follows 
is based upon a detailed consideration of all the mechanical and chemical data. 

There are undoubtedly so many influences causing the strength of wood to 
vary that it is impossible by inspection of the results in Table I alone to allot 
effects to individual components. The method of approach used here was to fit 
successive regression equations involving an increasing number of variables, 
believed to be related to strength, the progressive improvement in the fit of the 
observations to the equations being taken as an indication of the importance of 
the term added. The considerable variation between zones was eliminated by 
confining consideration to variation from the mean of each zone. In a pre¬ 
liminary examination the best fit was provided by an equation involving specific 
gravity, hot water-soluble and alkali-soluble material, but since it is known that 
sodium hydroxide attacks all the major components of wood a search was made 

Biochem. 1936 xxx 119 
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for an equation which would involve these latter components directly. It was 
found that an equation involving specific gravity and percentages by weight 
of cellulose, lignin and pentosans not in the cellulose was not significantly different 
from the first in its fit. In order to examine the spocific gravity term further, 
each strength value was corrected to read as pounds per square inch of wood 
substance. These corrected values were still related to specific gravity as well as 
to the components already mentioned. A further improvement in fit was obtained 
by using the degree of dispersion (i.e. weight present in unit volume of the wood- 
water aggregate) of the three major components instead of their percentages by 
weight. 

The regression equation giving the best fit to the variations within zones of 
the corrected strength was: 

V-y =102 (m—»)+965 (x-x)+45 ^+69^+21^...^, 

where y is the maximum crushing strength in lb./sq. in. of wood substance; 
m is the moisture content at time of test as percentage of dry weight; x is the 
specific gravity of the wood block at time of test; c is the weight of cellulose per 
100 g. of oven-dry (105°) wood substance; l is the weight of lignin per 100 g. of 
oven-dry (105°) wood substance; p is the weight of pentosans not in the cellu¬ 
lose per 100 g. of oven-dry (105°) wood substance; Vm is the volume occupied 
by a wood-water; aggregate consisting of 1 g. oven-dry wood and m/100 g. 
water. Symbols with bar indicate mean values for one zone. 

No great importance can be attached to the values of the coefficients since 
these would no doubt be altered as a result of a more extensive investigation. 
It is significant, however, that each term was proved to represent an important 
source of variation in strength and the most important, as tested by the omission 
of each in turn from the equation, was found to be the cellulose term. 

Finally, the observed variation in corrected strength was analysed according 
to the scheme set out in Table II by the methods laid down by Fisher [1935], 
This type of analysis is important, firstly in dividing an observed variation into 
parts whose sources can be recognized (named in column 1) and secondly in 
enabling a test to be made of the significance of each of these sources when 
compared with the “residual” or “unexplained” variation (item iv). 


Table II. Analysis of variance of strength values corrected 
for porosity of wood . 


Variation attributed to 

Sum of 
squares 

Degrees of 
freedom 

Mean 

square 

(i) A regression with Bame coefficients as 

1,369,118 

5 

273,824 

A but passing through the general 
mean 

(ii) Deviation of zone means from this 

263,308 

2 

131,654 

regression 

(iii) Differences between zone regressions 

129,889 

10 

12,989 

(iv) Deviations from zone regressions, 

333,838 

84 

3,974 

Muifliiol raih'afmn 

a VOliU UWA f Wi. 

Total 

2,096,153 

101 

— 


Co-variation of strength and chemical composition . 

The fact that the percentage amounts of all the chemical components deter¬ 
mined in Table I vary in a regular gradation across each disc does not simplify 
the task of explaining the strength variations, which undergo a similar regular 
change. The chief evidence for any one component being the cause of variations 
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in strength would be an observed change in such component which was not 
reflected in changes in the other components. In the mathematical methods 
employed full advantage was taken of such cases where they existed. The 
prominence of the specific gravity term in this type of analysis is in accord with 
much other published work. After due allowance is made for the direct effect of 
bearing-area in the test piece the remaining effect must be ascribed to some of 
the properties which run parallel with specific gravity. Specific gravity and 
cellulose content both increase from the periphery towards the heart of the tree 
but cellulose is already a term in the equation, so that it may well be that those 
regions which are high in cellulose have the higher proportion of strength- 
giving cellulose. In this connexion it has already been noted that the Cross and 
Bevan cellulose of the heartwood zones (Table I) is relatively high in hexosans 
and low in pentosans. It is evident, however, that structural features such as 
ring width, proportion of summer wood etc. account for a part of the variations 
in strength as distinct from variations ascribed to purely chemical causes. No 
measurements from which it might have been possible to assess the separate 
effect of structural features were made in this study. 

The strong relation found here between strength, specific gravity and 
extractives is worthy of note. It is highly probable that the so-called extractives 
of wood are not confined to the cell cavities, so that they may influence strength 
to some extent by dispersion of the cell wall substance. Luxford [1931] claims to 
have shown that the presence of extractives increases the compressive strength 
of wood, but before such a conclusion can be accepted the following point must 
be considered. In all the woods used by Luxford the extractives increased in 
amount from the sapwood towards the heartwood, whereas in the material of the 
present study the extractives decreased in amount in the same direction. Yet in 
both cases specific gravity and mechanical strength were greater towards the 
heartwood. It is therefore indicated that, where a measured variable is only one 
of a highly related group, the properties of which change regularly in passing from 
sapwood towards heartwood, there is a real danger in assuming cause from the 
existence of a single apparent relation. The results of the present study tend to 
weaken Luxford’s [1931] conclusions, although this author made subsidiary 
observations of an increase in strength after the artificial addition of extractives 
to wood and a decrease on leaching them out. Had these latter observations 
been as definite as those in the main experiment, they might have made Luxford's 
conclusions more acceptable. 

SlTMMAHY. 

1. Analytical data are given for comparable cross-scctional discs from six 
English ash trees (Fraxinus excelsior Linn.) taken from the same site. 

2. It is shown that in ash wood the percentage amount of Cross and Bevan 
cellulose increases in passing from the periphery towards the pith. The per¬ 
centage amounts of lignin and extractives tend to decrease in the same direction 
while the furfuraldehyde-yielding complexes remain virtually constant in 
amount throughout a cross-sectional disc of any one tree. 

3. The Cross and Bevan cellulose of ash heartwood contains proportionately 
less furfuraldehyde-yielding material and more hexosans than the corresponding 
component of sapwood. 

4. The commercial defect known as “black-heart” in ash wood is not 
associated with any irregularities in the proportions of the three major com¬ 
ponents present in wood in which it occurs, but rather with a change in some 
minor constituent. 
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5. A statistical analysis is given of the effect of chemical composition on the 
compressive strength of ash wood, from which it is concluded that the most 
important component responsible for variations in crushing strength in pounds 
per square inch of wood substance is the Cross and Bevan cellulose. In all the 
material examined, specific gravity, cellulose content and strength increased in a 
direction from the periphery towards the pith. 

The authors are indebted to Mr W. G. Campbell of this Laboratory for 
advice and assistance during the work and in the preparation of the paper, to 
Mr F. H. Armstrong for the strength data, to Prof. R. A. Fisher for advice on 
the statistical analysis, and to Mr W. A. Robertson, Director of Forest Products 
Research (Department of Scientific and Industrial Research) for permission to 
communicate these results. 
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CCLX. KETOGENESIS-ANTIKETOGENESIS. 

III. METABOLISM OF ALDEHYDES AND 
DICARBOXYLIC ACIDS. 

By NORMAN LOWTHER ED,SON. 1 

From the Biochemical Laboratory , Cambridge . 

{Received 1 September 1936.) 

ALIPHATIC ALDEHYDES. 

Battelli & Stern [1910] and Parnas [1910] discovered independently an 
enzyme system which converted aldehydes into the corresponding alcohols and 
acids by dismutation (the Cannizzaro reaction). Parnas found that aliphatic 
aldehydes incubated with liver brei anaerobically in bicarbonate buffer were 
disunited quantitatively. Reichel & Berezley [1931] prepared a purified 
“aldehydraso”; and the dismutation of propaldchyde was found by Reichel 
& Wetzel [1934] and by Reichel & Kohle [1935, 1] to occur equally well under 
aerobic and anaerobic conditions. Reichel & Kohle [1935, 2] believe that an 
alcohol dehydrogenase is associated with the “aldehydrase”. It is possible that 
the two enzymes working together aerobically could completely convert aldehyde 
into acid. Although the mechanism of aldehyde oxidation is not yet clear, it is of 
interest to examine the behaviour of aldehydes in tissue slices taking into account 
both the anaerobic dismutation and the ketogenic properties under aerobic 
conditions. This is desirable because Friedmann [1908] has observed that 
acetaldehyde and aldol are ketogenic. 

Methods . 

The general methods employed have been described earlier [Edson, 1935]. 
Acetoacetic acids (or jS-ketonic acids) was determined by the aniline citrate pro¬ 
cedure. Since the higher aldehydes are almost insoluble in water, it was necessary 
in some cases to work with suspensions. The members of the series from 
valeraldehyde to octaldehyde inclusive were added to the Ringer solution as 
fine emulsions in quantity sufficient to provide about 2 mg. 

The dismutation was investigated manometrically by measuring anaerobic 
acid production in bicarbonate-Ringer solution at pH 7*4 and 37*5°. For such 
experiments it was permissible to use 30-40 mg. (dry wt.) of liver slices. Respira¬ 
tion and ketone body formation were measured as usual in phosphate saline 
[Krebs, 1933]. 

Experimental. 

Anaerobic dismutation of aldehydes in surviving liver tissue. 

Since the chemistry of anaerobic dismutation is fully known, the rate of 
reaction can be determined by following the change in one of the reactants. 
Though it is not possible to estimate accurately the small amounts of alcohol 
which would be formed in a tissue slice experiment, a precise measurement of 
acid production can be made. Table I shows the rate of acid formation, as 
measured by C0 2 evolution from bicarbonate, in rat liver slices which were shaken 
in presence of aliphatic aldehydes (neutral). 

1 Beit Memorial Research Fellow. 
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Table I. Anaerobic acid formation by rat liver slices in presence of aliphatic 

aldehydes. 

3 ml. bicarbonate-Ringer solution [Krebs & Henscleit, 1932], pH 74. Duration of exp. 1 hour. 
Gas: 5% C0 8 ; 95% N t . 


Substrate 

Qav\k\ 

Substrate 

4?Aclil 

Nil 

2*59 

ft-Valeraldehyde, saturated 

3*26 

Glucose, 0-01 M 

2-60 

wo Valeraldehyde, saturated 

3-38 

Acetaldehyde, 0-01 M 

8-80 

n-Hexaldehyde, saturated 

2-26 

Propaldehyde, 0*01 M 

7*76 

ft- Heptaldehyde, saturated 

2*09 

Butaldehyde, 0*01 M 

4*15 ft-()ctaldehyde, saturated 

Q _ /JC0 8 

Vacm m g dry tissue x hours’ 

2*54 


It will be observed that acid production occurs to a marked extent with 
acetaldehyde and propaldehyde; to a smaller degree with butaldehyde, n- and 
tao-valeraldehydes; whilst the acid production in presence of hex-, hept- and 
oct-aldehydes is no greater than that of the control. Acid formation decreases 
during ascent of the homologous series, the quotients standing in the order of the 
water-solubilities of the aldehydes, but there is reason to believe that tissue 
penetration occurs with the higher homologues, since the slices are whitened 
throughout at the end of an experiment. 

Working with ox and pig liver brei, Parnas [1910] found a quantitative dis- 
mutation in the aldehyde series from acetaldehyde to valeraldehyde and also 
with heptaldehyde; rat liver slices, however, form no additional acid in presence 
of heptaldehyde. 

Ketogenesis from aldehydes under aerobic conditions . 

Since certain aliphatic aldehydes undergo dismutation in liver, it would be 
expected that they would also give rise to ketone bodies by secondary oxidation 
of fatty acids. This prediction is borne out by the experiments recorded in 
Table II. 

Table II. Ketone body formation from aldehydes in rat liver slices. 


Phosphate saline, pH 74, in oxygen. Duration of exp. 2 hours. 


Substrate 

Qo, 

Qajcac. 

Nil 

-11*5 

0-37 

Acetaldehyde, 0-005 M 

-10-2 

0*76 

Acetaldehyde, 0-01 M 

- 8-3 

0-67 

Propaldehyde, 0-005 M 

-10-3 

0-27 

Butaldehyde, 0-01 M 

-12-6 

311 

ft-Valeraldehyde, saturated 

- 13*2 

2-11 

wo Valeraldehyde, saturated 

-11*7 

2-18 

ft-Hexaldehyde, saturated 

-12-8 

4*33 

ft-Heptaldehyde, saturated 

-13-0 

243 

ft-Octaldehyde, saturated 

-11*5 

4-02 


The figures of Table II show the following facts: 

1. Acetaldehyde in a concentration of 0*005 M causes a small increase in the 
rate of acetoacetic acid production. Higher concentrations inhibit both respira¬ 
tion and ketone body formation. 

2. Propaldehyde, like propionic acid, is not ketogenic. 

3. Butaldehyde and its higher homologues are ketogenic and the rates of 
ketone body formation are approximately equal to those observed with the 
corresponding fatty acids, the odd-numbered members of the series giving smaller 
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quotients than the even-numbered members. The rate of disappearance of 
aldehyde is rapid, being practically complete after 2 hours. The aliphatic 
aldehydes react at a rate high enough to be consistent with the functions of 
intermediary metabolites. 

It is difficult to reconcile the ketogenic actions of hex-, hept- andoot-aldehydes 
with their failure to exhibit dismutation anaerobically. It was thought that the 
ketogenesis was artificial in so far as aldehydes might be oxidized to fatty acids 
spontaneously. Experiments showed that no significant autoxidation occurred 
either in Ringer solution or in presence of boiled liver extracts during 2 hours at 
37*5°. In liver slices aldehydes may be converted into ketone bodies by an 
alternative mechanism which does not involve dismutation. 

DICARBOXYLIC ACIDS AND THEIR DERIVATIVES. 

The theory of co-oxidation has brought the dicar boxy lie acids into promin¬ 
ence from the point of view of fat metabolism. It has long been known that some 
of the dicarboxylic acids such as succinic and glutaric acids are completely 
oxidized in the animal body [Dakin, 1921], but it was desirable to investigate 
their ketogenic and antiketogenic properties in liver slices of well-nourished and 
of starved animals. The experiments of Table III were performed in phosphate 
saline and ^-ketonic acids were determined by the aniline citrate method. 
Acids were added as neutral sodium salts. 

Table III. Ketone body formation in presence of dicarboxylic acids and 
some of their derivatives. 

Rat liver slices. 

Well-nourished animal Starved animal (24 hours) 

,--A-, ,-*-, 

Substrate (M) <*>o 2 Q q , Qa^ 

Saturated dicarboxylic acids. 


Oxalic, 0 01 

-110 

0-58 



Oxalic, 0-005 

-12-3 

0-98 

_ 


Oxalic, 0-0025 

-12-1 

1-07 

_ 


Control (no substrate) 

-12-0 

0-48 

_ 

_ 

Oxalic, 0-015 

— 

_ 

- 8-9 

1-63 

Oxalic, 0-003 

_ 

_ 

- 10-9 

2-17 

Control 


— 

-121 

1-97 

Malonic, 0-01 

-13-1 

2-12 

- 8-5 

2-80 

Malonic, 0-02 

-10-2 

2-88 


Control 

-15*1 

0-60 

-10-0 

1-66 

Succinic, 0-01 

-14-6 

0-26 

-161 

1-00 

Control 

-11*5 

0-27 

- 10-0 

1-66 

Glutaric, 0-01 

-12-9 

0-18 

-10-7 

1-43 

Control 

-11-5 

0-27 

-100 

1-66 

Adipic, 0*01 

-121 

0-16 

-13-6 

2-31 

Control 

- 11-5 

0-27 

-10-2 

2-04 

Pimelic, 0*0i 

-13-4 

0-30 

-14-2 

2-30 

Control 

-13-9 

0-33 

-10-2 

2-04 

Suberic, 0-01 

-19-5 

0-14 

-15-1 

1-96 

Control 

-13-9 

0-33 

-10-2 

2*04 

Azelaic, 0*01 

-14-8 

0-35 

-13-4 

1*62 

Control 

-13-9 

0-33 

-10-2 

2-04 

Sebaoic, 0-01 

-141 

0-21 

-14*1 

1-43 

Control 

-11-5 

0-27 

-10-2 

204 

Thapsio, 0*1 ml. saturated 
solution 

-101 

0-48 

-13-4 

2*29 

Control 

-12-1 

0-70 

-13*7 

2-55 
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Table III (cont.). 

Well-nourished animal Starved animal (24 hours) 


Substrate ( M) 

Qo t Qac&c. 

Unsaturated dicarboxylic acids. 

0o 2 

Qa cac 

Fumaric, 0*01 

-12*6 

0*26 

-16*4 

2*81 

Control 

-121 

0*27 

-13-7 

2*55 

Maleic, 0*01 

-11-9 

1*07 

-11*9 

2*70 

Control 

-12-1 

0*70 

-13*7 

2*55 

Maleic, 0*01 

-12-8 

0*95 

— 

— 

Maleic, 0*02 

-12*4 

1*09 

— 

— 

Maleic, 0*04 

- 32 2 

0*75 

— 

— 

Control 

-14*0 1*06 

Hydroxy- and ketonic derivatives. 



Hydroxymalonic, 0*01 

-13*9 

3-3S 

- 11-2 

3*51 

Hydroxymalonic, 0*02 
Hydroxymalonic, 0*03 

-12-2 

3*18 

— 

— 

-110 

2-58 

— 

— 

Hydroxymalonic, 0*04 

- 9*r> 

2*07 

— 

— 

Control 

-151 

000 

-13-7 

2*55 

Malic, 0*01 

-130 

0*93 

-10*5 

103 

Control 

-12*1 

0*70 

-101 

1*60 

d-Tartaric, 0*01 

-11*6 

1*51 

— 

— 

Control 

-13-1 

0*83 

— 

— 

Mesoxalic, 0*01 

-12-2 

2*43 

— 

— 

Control 

-12*9 

0*67 

— 

— 

a-Ketoglutaric, 0*01 

-11-5 

0*14 

-17*4 

2*07 

Control -11*5 0*21 

The results with citric acid may be included with the above. 

-13-7 

2*55 

Citric, 0*01 

-13-2 

0*43 

-15*3 

223 

Control 

-121 

0*70 

-13*7 

2*55 


Note. Concentrated solutions of aniline citrate cannot bo used for the determination of 
acetoacetic acid in presence of mesoxalic acid since the latter decomposes slowly evolving C0 8 . 
Instead the method of Ostern [1933] was employed, the decomposition of mesoxalic acid then 
being negligible. After removal of the slices 0*f> ml. 3 M acetate buffer was added to the fluid in 
the main compartment of the manometer vessel and to the side-bulb 0-2 ml. water and 0*05 ml. 
aniline. As usual the contents of the side-bulb were tipped into the main compartment after 
20 min. equilibration at 25°. With quantities of acetoacetic acid corresponding to 100 pi. C0 2 
pressure readings were constant in about 3*5 hours. 


The following facts will be observed: 

1. In general the dicarboxylic acids increase the oxygen uptake of liver 
slices, an effect which is most marked in starved animals. Succinic and suberic 
acids cause the greatest augmentation; smaller increases are observed with 
adipic, pimelic, azelaic and sebacic acids, and in the starved animal with a- 
ketoglutaric acid. Mazza [1936] has recently published similar results. 

2. Certain dicarboxylic acids—malonic, hydroxymalonic, oxalic and tartaric 
—depress respiration when their concentrations are only 0-01 M . 

3. The majority of the acids are not ketogenic in the well-nourished liver, 
nor are they antiketogenic in the liver of the starved animal. 

4. Malonic, hydroxymalonic and mesoxalic acids are striking exceptions. 
Malonic acid and its hydroxy-derivative depress respiration and simultaneously 
produce large amounts of ketone bodies in the liver of the well-fed rat, and both 
are ketogenic in starved liver. Mesoxalic acid is ketogenic to a similar degree. 

5. Maleic acid depresses respiration but is not ketogenic. 

8. d-Tartaric acid is weakly ketogenic in agreement with the observations 
of Ohta [1912]. 
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7. In presence of thapsic acid the respiration of well-nourished liver was 
diminished but ketone body formation was unaffected; larger amounts of thapsic 
acid strongly inhibited both respiration and ketogenesis. 

8. Oxalic acid is ketogenic, particularly in low concentrations which do not 
inhibit respiration, but the effect is never large. 

9. Citric acid is neither ketogenic nor antiketogenic under the conditions 
utilized. 

The action of oxalate was examined in a Ca-free phosphate saline (Table IV). 
The results show that the ketogenic effect is not due to precipitation of Ca ++ 
which occurs in ordinary Ringer-phosphate solution. 


Table IV. Ketogenic action 

of oxalate in 

rat liver slices . 



Phosphate saline 

Ca-froe phosphate saline 

_A_ 

Substrate (M) 

Qu 2 

-s 

Q\cm 

Qo 2 

$Acac 

Nil 

-12*8 

0*30 

- 14*2 

0*24 

Oxalate, 0 01 

-12*5 

0*66 

- 11*5 

046 

Oxalate, 0*002 

-13-1 

0*99 

-12*7 

0*72 

Oxalate, 0*001 

-1.3*0 

1*26 

- 15*5 

0*73 

Nil 

-12*4 

043 

~ 13*6 

0*16 

Oxalate, 0*003 

-13*5 

143 

-13-1 

0*86 

Oxalate, 0-0017 

- 13*6 

1*66 

- 14-1 

1*03 

Oxalate, 0*0003 

-13-6 

0*96 

- 14-1 

0*99 

Table V. Inhibition of malonate and hydroxymalonate ketogenesis. 


Rat liver slices. 



Substrate (M) 



Qo 2 

4?Aiju\ 

Control (no substrate) 



-14*7 

0*50 

Malonate, 0-02 



-12*4 

2*77 

Succinate, 0*01 



- 20*2 

044 

Fuinarate, 0*01 



- 15*1 

0*53 

Pyruvate, 0*01 



-* 19*1 

0*98 

Malonate, 0*02 4* succinate, 0*01 



- 14-1 

2*19 

Malonate, 0*02 f fumarate, 0*01 



- 13*6 

2*55 

Malonate, 0*02 4- pyruvate, 0*01 



-174 

2*29 

Control 



- 12*7 

0*33 

Fumarate, 0*01 



-144 

0*61 

Pyruvate, 0*01 



- 17*9 

1*07 

Malonate, 0*01 



-124 

1*71 

Hydroxymalonate, 0*01 



- Il-o 

2*15 

Malonate, 0*01 f fumarate, 0*01 



- 13*0 

1*36 

Hydroxymalonate, 0*01 + pyruvate, 0*01 


-14*6 

3*38 


Exp, 2. Malonate concentration constant, that of succinate varied. 


In absence of malonate In presence of malonate, 0*007 M 



Substrate (M) 

<?o a 

Succinate, 0*007 

-15*9 

Sucoinate, 0*014 

-18*5 

Succinate, 0*02 

-19*1 

No succinate 

-12*2 


Ex P- 3 - Substrate (M) 

Control (no substrate) 

Malonate, 0*01 
Hydroxymalonate, 0*01 
Glycerol, 0-01 

Malonate, 0*01 + glycerol, 0*01 
Hydroxymalonate, 0*01 + glycerol, 0*01 


QA.i'AC 

Qo, 

Q Ai*uc 

0*80 

-15*6 

1*56 

0*58 

-15*2 

1*38 

0*70 

-16*5 

1-27 

0*98 

-14*4 

2*01 


Qo t 

C?Ai’oc. 


- lol 

0*60 


~ 11*8 

2*12 


-10*2 

2*88 


-15*8 

0*53 


-15-8 

1-17 


-14*3 

143 



1860 


N. L. EDSON 


Inhibition of ketogenesis due to malonate and hydroxymalonate . It was found 
that the effects of malonic acid and hydroxymalonic acid were modified in the 
presence of certain added substrates (Table V). 

Exps. 1 and 2 show that there is a small but distinct inhibition of malonate 
ketogenesis in presence of succinate, fumarate and pyruvate; the value of Q Acac 
falls as the oxygen consumption rises, the effect being more marked with higher 
concentrations of succinate. Pyruvate has no significant influence on ketogenesis 
caused by hydroxymalonate. Exp. 3 shows a strong inhibition due to glycerol; 
oxygen uptake is increased and ketone body formation is reduced in both cases. 


Discussion. 

Consideration of all the facts now available leads to the conclusion that there 
are two classes of ketogenic substances. The first and larger class consists of 
substances which are converted into ketone bodies during metabolism: it 
includes fatty acids, some of their derivatives and the amino-acids leucine, 
tyrosine and phenylalanine. The existence of this group was established chiefly 
by the classical work of Embden and of Friedmann. The second class is com¬ 
posed of substances which are not converted into ketone bodies: they influence 
the metabolism anticatalytically, causing an accumulation of ketone bodies. 
Certain dicarboxylic acids, e.g. malonic acid, are representatives of this class, 
and ammonia should probably be placed in the same category. Jowett & Quastel 
[1935] have obtained evidence which caused them to reject the view that malonic 
acid could be transformed into acetoacetic acid via acetic acid. The conversion 
of the other ketogenic dicarboxylic acids (hydroxymalonic, mesoxalic, tartaric 
and oxalic) into ketone bodies also appears to be unlikely. 

The ketogenic effect of malonic acid is now well established. It was first 
observed by Momose [1914] in liver perfusion experiments. Szent-Gyorgyi et at. 
[1935] showed that ketone bodies were excreted by a rabbit which had been 
injected intravenously with sodium malonate. In tfie absence of other sub¬ 
strates malonate also oaused a production of acetoacetic acid in kidney slices, an 
effect which was inhibited by fumarate. Jowett & Quastel [1935] have studied 
the malonate effect in detail: they believe that malonic acid inhibits the normal 
breakdown of acetoacetic acid formed spontaneously from fatty acids already 
present in liver. Further, Quastel & Wheatley [1935] have shown that malonate 
prevents aerobic, but not anaerobic, disappearance of acetoacetic acid added to 
kidney and liver slices. 

An alternative hypothesis dependent on substrate competition may be 
offered. Krebs [1936] has recently discovered a mechanism whereby succinic 
acid is formed from pyruvic acid in animal tissues. Moreover, malonate is known 
to be a specific inhibitor of succinic dehydrogenase [Thunberg, 1920; 1933; 
Quastel & Whetham, 1925; Quastel & Wheatley, 1931]. If the oxidation of 
carbohydrate be inhibited by malonate at the succinic acid stage, it is possible 
that fatty acids will be oxidized preferentially. This would account for the great 
increase in the spontaneous ketogenesis which is observed in presence of 
malonate. Similar causes may operate in other cases, e.g. (1) hydroxymalonate 
is known to be a strong inhibitor of lactic dehydrogenase [Quastel & Wooldridge, 
1928]; (2) oxalate is a weak inhibitor of muscle succinic dehydrogenase [Thunberg 
1920; 1933]; oxalic and tartaric acids inhibit the lactic dehydrogenase of 
toluene-treated B. coli [Quastel & Wooldridge, 1928]. ThuB the actions of the 
ketogenic dicarboxylic acids may be ascribed to their specific anticatalytio 
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properties, which hinder carbohydrate oxidation and thereby favour fatty acids 
in the competition for available oxygen. Evidence relating to substrate competi¬ 
tion in liver will be presented in the next paper of this series. 

Summary. 

1. Anaerobically there is an acid production in rat liver slices in presence of 
acetaldehyde, propaldehyde, butaldehyde, n-valeraldehyde and isovaleraldehyde 
but not in presence of hex-, hept- and oct-aldehydes. The acid is probably 
formed by dismutation. 

2. Under aerobic conditions the above aldehydes, with the exception of 
propaldehyde, are ketogenic in liver. The ketone body formation is of the same 
order as that found with the corresponding fatty acids. 

3. The metabolism of dicarboxylie acids and their derivatives has been 
investigated in rat liver slices. In general there is increased oxygen consumption 
and the acids are neither ketogenic in well-nourished liver nor antiketogenic in 
the liver of the starved animal. Notable exceptions are malonic, hydroxymalonie, 
mesoxalic, tartaric and oxalic acids. The first three are strongly ketogenic; 
tartaric and oxalic acids weakly ketogenic. 

It is a pleasure to thank Dr H. A. Krebs for valuable suggestions and advice. 
I am also indebted to Dr Krebs for specimens of sodium mesoxalate and a- 
ketoglutaric acid. 
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CCLXI. KETOGENESIS-ANTIKETOGENESIS. 

IV. SUBSTRATE COMPETITION IN LIVER. 


By NORMAN LOWTHER EDSON. 1 

From the Biochemical Laboratory , Cambridge . 

(Received 1 September 1936.) 

Krebs [1935] has shown that the deamination of Z-amino-acids in surviving 
kidney tissue is inhibited by readily oxidizable substrates such as lactate and 
pyruvate. Although less amino-acid is metabolized, the oxygen consumption 
remains constant, indicating that the second substrate is oxidized instead of the 
amino-acid. These experiments demonstrate clearly that when kidney tissue is 
offered several substrates there is competition for the oxygen available. Krebs 
also observed substrate competition in respiring yeast cells. 

The experiments of Embden & Wirth [1910] suggest that the same phe¬ 
nomenon can take place in liver. Perfusing the liver with various combinations 
of substrates, they found that the usual ketone body formation due to iso¬ 
valeric acid was greatly inhibited by n -valeric acid. In a similar way n -valeric 
acid partially inhibited ketogenesis caused by n-hexanoic acid and by tyrosine; 
whilst ot-amino-tt-hexanoic acid, which itself is non-ketogenic, prevented aceto- 
acetic acid production from leucine. When glutaric acid and glucose were 
separately opposed to ketogenic fatty acids, no antiketogenic effects were 
observed, and the position of glycerol was uncertain. Quastel & Wheatley [1933], 
using tissue slices, found that propionic acid, but not glucose or lactic acid, 
inhibited the formation of acetoacetic acid from butyric acid. 

Macallum [1930] enunciated a general theory of antiketogenesis which in 
effect is a theory of substrate competition, although it was not formulated in 
those terms. The experiments of Krebs [1935] prove the reality of substrate com¬ 
petition, and so it became desirable to investigate this process in liver: first, by 
opposing different substrates to the spontaneous ketogenesis of starved liver, and 
secondly by allowing a wide range of substrates to compete with added fatty 
acids for the oxidizing enzymes of the liver of a well-nourished animal. 


Methods . 

Respiration and ketone body formation were measured by the methods 
already described [Edson, 1935]. j8-Ketonic acids were determined by the aniline 
citrate method except in a few cases which were referred to the Van Slyke pro¬ 
cedure. Rat tissue slices were used throughout, particular care being taken that 
the animals were in a good state of nutrition. Fresh food was offered to them 
3 hours before they were killed; starved animals were deprived of food for 
24 hours. 

The competing substrates were generally present in equimolecular concen¬ 
trations, 0-01 M , but sometimes the effect of unequal competition was investi¬ 
gated. The medium was Krebs’s phosphate saline [1933]. 


1 Beit Memorial Research Fellow. 
( 1802 ) 
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Experimental. 

Antiketogenesis in starved liver. 

Facts relating to the antiketogenic properties of amino-acids and di- 
carboxylie acids have been recorded in communications 11 and III of this 
series. Additional results obtained with other substrates are presented in 
the following tables. 

Table 1. Carbohydrates and their derivatives. 


Liver slices of starved rat. 


Substrate ( M) 

Qo, 

Qavuc 

Hexoses. 

Nil 

- 9-4 

2-43 

Glucose, 0*02 

-13-9 

1-20 

Fructose, 0-02 

- 12-4 

1-19 

Mannose, 0*02 

-12-6 

1-42 

Galactose, 0*02 

-12-8 

1*17 

Nil 

- 13-6 

2-88 

Glucose, 0 01 

-140 

2-53 

Glucose, 0 02 

- 150 

2-21 

Glucose, 0*60 

- 8-7 

0-99 

Nil 

-121 

2-44 

Hexosediphosphate, 0 01 

-13-8 

1-53 

Pentoses. 

Nil 

- 12-9 

2-41 

Arabinose, 0-01 

-110 

J-80 

Xylose, 0-01 

-13-2 

2-20 

Nil 

-120 

1-60 

Rhamnose, 0 01 

-10-4 

1-43 

Sucrose . 

Nil 

-120 

1-60 

Sucrose, 0-01 

-12-2 

1*62 

Invert sugar (sucrose, 0 01 +0-1 ml. 1% 

-15-2 

0-86 

invertase in presence of liver slices) 

0-1 ml. invertase (1% sol.) 

-12-4 

1-70 

Olycoyen. 

Nil 

-12-7 

2-43 

Glycogen, 0-2 ml. 6% sol. 

-12-5 

2-35 

Derivatives . 

Nil 

-13-6 

2-88 

dZ-Glyceraldehyde, 0*01 

-1M 

0-96 

Nil 

- 9-7 

2-43 

Dihydroxyacetone, 0*01 

-13*7 

1-36 

Nil 

-10*5 

1-43 

Laetate, 0*01 (dl) 

-16*2 

0-76 

Pyruvate, 0*01 

-15-3 

0*97 

Nil 

-121 

2-21 

a-Glycerophosphate, 0*01 

-13*3 

2-26 

Nil 

-121 

244 

0-Phosphoglycerate, 001 

-111 

1-35 
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Table II. Alcohols . 


Liver slices of starved rats. 


Substrate (M ) 

Qo a 

Qacuc. 

Nil 

-12-0 

1*60 

Ethyl alcohol, 0-005 
Methyl alcohol, 0-005 

-11-0 

146 

-12-3 

1-48 

Methyl alcohol, 0-0025 
Ethylene glycol, 0-01 

-131 

1-68 

-12-6 

1-86 

Nil 

- 9-7 

243 

Glycerol, 0*01 

-11-7 

0-63 

Nil 

-13*6 

2-88 

Glycerol, 0-01 

-16-7 

1-19 

Glycerol, 0-02 

-154 

0-84 

Nil 

-12-9 

241 

Krythritol, 0-01 

-11-6 

1-88 

Adonitol, 0-01 

-13-2 

1-90 

Dulcitol, 0-01 

-11-6 

2-21 

Mannitol, 0-01 

-12-3 

1-99 

Sorbitol, 0-01 

-15-8 

0-59 

Nil 

-13-0 

2-88 

Sorbitol, 0-01 

-17-0 

0-85 

Table III. 

Some miscellaneous results. 


Liver slices of Btarved rats. 


Substrate (3/) 

<?o 8 


Nil 

- 13-6 

2-88 

Ornithine, 0-01 

-13-1 

1-96 

Arginine, 0-01 

-12-6 

1-77 

Glutaric acid, 0*01 

-12-9 

2-26 


Note. The experiments with the higher alcohols wore performed on receipt of the information 
that Dr B. Mendel had discovered the antiketogenic effect of sorbitol (private communication to 
Dr H. A. Krebs). The action of glycerol had been found previously. 

The data of Tables I, II and III show the following facts with regard to the 
ketogenesis of starvation. 

1. Glycerol, sorbitol and glyceraldehyde are strongly antiketogenic, the 
inhibition being 70% or over. There is increased oxygen uptake in presence 
of sorbitol and glycerol. 

2. The other alcohols have no effect or inhibit weakly. 

3. Glucose is no more antiketogenic that the other hexoses, whose influence is 
seeti to be much smaller than that of glyoerol. The antiketogenic action of glucose 
increases with concentration, but in order to produce an effect as great as that 
characteristic of 0*01 M glycerol the glucose concentration must be raised to 
0-6 M t which is sufficient to depress respiration. 

4. Lactate and pyruvate reduce ketone body formation by nearly 50 %. 

5. Added glycogen is not antiketogenic. 

It appears that almost any oxidizable substrate will inhibit the spontaneous 
ketogenesis of starved liver to a greater or less degree. 

Substrate competition in the liver of the well-fed animal . 

Many experiments were performed in which substrates were allowed to com¬ 
pete with added fatty acids in the normal glyoogen-rich liver. The results of 
typical experiments are recorded below. Fatty acids were added as Sodium salts. 
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Table IV. 

A. Glucose in competition with n-hexanoic acid . 



Substrate (M) 

Qo 2 

Q \ciu- 

w-Hexanoic acid, 0-01 

- 14-3 

4-91 


,, 4 glucose, 0-005 

-13-8 

4-97 

»t 

„ 4 glucose, 0-008 

-14-1 

5-21 

99 

„ -i glucose, 0-01 

-13-9 

4-42 

99 

„ 4 glucose, 0-02 

-14-3 

4-63 

99 

„ 4 glucose, 0-05 

-13-7 

3*86 

99 

„ 4 glucose, 010 

-12-4 

3-20 


B. Sodium lactate in competition with even-numbered fatty acids. 


Nil 

-12-8 

0-22 

dZ-Lactate, 0-01 

- 15-4 

0-29 

w-Butyric acid, 0-01 

17-7 

3-30 

„ „ 4 lactate, 0-Ul 

- 18*3 

2-11 

w-Hexanoic acid, 0-01 

-14-7 

5-18 

„ „ 4- lactate, 0-01 

- 181 

3-11 

,, „ 4 lactate, 0-02 

-19-0 

2-92 

w-Octanoic acid, 0-005 

- 12-9 

4-10 

„ „ 4 lactate, 0-01 

-15-8 

4-40 


C. Sodium pyruvate in competition with even-numbered fatty acids. 


Nil 

-12-9 

0-28 

Pyruvate, 0-01 

- 15-4 

0-41 

M-Butyric acid, 0-01 

- 16-5 

2-01 

„ „ + pyruvate, 0-01 

~ 19-5 

1-59 

w-Hexanoic acid, 0-01 

-15-6 

4-29 

„ „ 4 pyruvate, 0-01 

-20-4 

307 

n-Octanoic acid, 0-005 

-12-3 

2-61 

„ „ 4 pyruvate, 0-01 

-170 

2-98 


D. Amino-acids in competition with even-numbered fatty acids. 


Nil 


-12*3 

0-42 

dl- Alanine, 0-01 


-12-3 

0-29 

Glycine, 0-01 


-11-6 

0-54 

n- Butyric acid, 0-01 


- 13*9 

2-16 

91 91 

4 alanine, 0*01 

-140 

2-78 

99 ff 

4 glycine, 0-01 

-13-5 

2-15 

w-Hexanoic acid, 0*01 

-14*5 

3-25 

99 91 

4 alanine, 0-01 

- 150 

3-98 

99 99 

4 glycine, 0*01 

-14*1 

3*01 

Nil 


-12*7 

0-82 

Z-Tyrosine, saturated 


-13*0 

1-32 

Z-Cysteine, 0-01 


-16-6 

0-89 

n -Butyric acid, 0-01 


-151 

3-81 

»* 99 

4 tyrosine, saturated 

-20-2 

5-27 

99 99 

4 cysteine, 0*01 

-15-2 

2-75 

n-Hexanoic acid, 0-01 


-17-4 

0-90 

91 99 

4 tyrosine, saturated 

-16-9 

0-02 

99 99 

4 cysteine, 0*01 

-22-5 

0-20 

Nil 


-12*2 

0-11 

d-Arginine, 0*01 


-11-5 

0-19 

d- Valine, 0-01 


-11*7 

0-21 

7i-Butyric acid, 0*01 


-16-8 

1*98 

99 99 

4 arginine, 0*01 

-10-3 

1*0(5 

99 99 

4 valine, 0*01 

-17*4 

2*33 

n-Hexanoic acid, 0*01 


—14-4 

203 

99 99 

4 arginine, 0*01 

-15-1 

2*13 

99 99 

4 valine, 0*01 

-14*4 

2-79 

Nil 


-10*2 

0*33 

d-Omithine, 0*01 


-12*3 

0*23 

n- Butyric add, 0*01 


-13-4 

2-70 

91 19 

4 ornithine, 0*01 

-12-7 

2-51 

1 

© 

6 


-15-4 

5-19 

» ** 

4 ornithine, 0*01 

-13*7 

3*84 
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Table IV (cont.). 

Substrate (M) Q 0i Qakm. 

E. Dicarboxylic acids in competition with even-numbered fatty acids . 


Nil 


-10*2 

0*33 

Succinate, 0*01 


-17*9 

0*44 

n-Butyric acid, 0*01 

+ 

- 13*4 

2*76 

»» *» 

+ succinate, 0*01 

-18*2 

2*32 

n-Hexanoic acid, 0*01 


- 15*4 

5*19 

»» >t 

+ succinate, 0*01 

- 19*5 

4*66 

Nil 


- 11*9 

0*52 

Glutarate, 0*01 


-14*2 

0*61 

Sebacate, 0 01 


-14*5 

0*21 

n -Butyric acid, 0*01 


-13*7 

2*25 

» »» 

+ glutarate, 0*01 

- 16*1 

3*32 

>» tt 

+ sebacate, 0*01 

- 14*1 

1*78 

n-Hexanoic acid, 0*01 


-13*3 

3*76 

tt >t 

+ glutarate, 0*01 

-15*3 

5*10 

tt tt 

+ sebacate, 0*01 

- 14*5 

4-51 

\ Glycerol, sorbitol and glyceraldehyde in 

competition with even-numbered 


fatty acids . 



Nil 

-10*2 

0*41 

n-Butyric acid, 0-01 


- 13*0 

2*35 

tt *t 

+ glycerol, 0*01 

-14*3 

1*72 

tt rt 

*f glycerol, 0*02 

- 14*3 

1*70 

w-Hexanoic acid, 0*01 

-15*0 

3*92 

tt tt 

4-glycerol, 0*01 

-15*0 

2*80 

n-Octanoic acid, 0*005 

- 15*0 

3*93 

tt tt 

+glycerol, 0*01 

-14*3 

2*97 

Nil 


-11*3 

0*36 

w-Butyric acid, 0*01 


-17*0 

2*96 

»« tt 

+ sorbitol, 0*01 

-18*2 

1*98 

n-Hexanoic acid, 0*01 


-17*2 

4*48 

tt tt 

+ sorbitol, 0*01 

-17*7 

3*78 

n-Ootanoic acid, 0*005 

-14*8 

4*20 

tt n 

+ sorbitol, 0*01 

-15*0 

4*88 

Nil 


-10*7 

0*28 

Butyric acid, 0*01 


-14*6 

2*48 

tt tt 

+ dZ-glyceraldehyde, 0*01 

-10*9 

1*84 

n-Hexanoic acid, 0*01 

-10*6 

4*91 

tt tt 

+ d/-glyceraldehyde, 0*01 

-13*1 

2*10 

G. Odd-numbered in competition with even-numbered fatty acids . 

Nil 


-11*6 

0*26 

n-Butyric acid, 0*01 


- 13*9 

1*49 

»* tt 

+ formate, 0*01 

-13*6 

1*75 

n-Hexanoic acid, 0*01 


-13*5 

2*78 

tt it. 

+ formate, 0*01 

-14*9 

2*83 

n-Octanoic acid, 0*005 


-13*7 

2*92 

»» » 

+ formate, 0*01 

-12*7 

2*59 

o 

6 

I 

£ 


-11*3 

0*25 

Nil 


- 9*6 

0*21 

n-Butyric acid, 0*01 


-12*6 

1*64 

tt tt 

+ propionate, 0*01 

-12*8 

0*91 

tt » 

+ propionate, 0*02 

-12*3 

1*01 

n-Hexanoic acid, 0*01 

-15*7 

3*63 

» » 

+ propionate, 0*01 

-15*4 

2*59 

Propionate, 0*01 

-11*1 

0*30 

Nil 


-13*7 

0*20 

n-Butyric acid, 0*01 


-15*6 

2*03 

$t tt 

+n-valerate, 0*01 

-14*3 

1*35 

n-Hexanoic acid, 0*01 


-10*9 

3*30 

M » 

4-n-valerate, 0*01 

-18*3 

1*71 

n-Octanoic acid, 0*005 

-13*1 

2*45 

tt »» 

+n-valerate, 0*01 

-16*6 

2*33 

n-Valerate, 0*01 

-13*4 

0*94 
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Table IV G (cont.). 


Substrate (M) 


0a*. 

Nil 

-12*0 

040 

w-Butyric acid, 0*01 

-15*9 

2*23 

„* „ + »-lioptanoate, 0*005 

-15*0 

1*97 

m-Hcxanoic acid, 0*01 

- 174 

4*20 

„ „ + n-heptanoatc, 0*005 

-214 

2*59 

n-Octanoio acid, 0*005 

12*0 

2*80 

„ „ + »-heptanoate, 0*005 

14*3 

2*70 

n-Heptanoate, 0*005 

- 16*9 

148 

Nil 

-12*7 

0*23 

r/-Butyric acid, 0*01 

- 10*5 

2*70 

„ „ + ?z-nonanoate, 0*0025 

n-Hexanoic add, 0*01 

-16*1 

2*15 

- 14*6 

3*77 

„ „ + n-nonanoate, 0*0025 

- 17*6 

2*84 

n-Octanoic acid, 0*005 

- 13* L 

3*65 

„ „ + a-nonanoate, 0*0025 

-15*8 

3*88 

w-Nonanoatc, 0*0025 

- 14*0 

147 

H. Even-numbered fatty acids competing with one another. 
Nil -129 

0*85 

7i-Butyric acid, 0*01 

-15*8 

3*65 

w-Hexannic acid, 0*01 

- 14*5 

5*20 

//-Octanoic acid, 0*005 

-13*5 

3*87 

Acetic acid, 0*01 

-15*9 

1*53 

//-Butyric acid, 0*01 -t-//-hoxanoic acid, 0*01 

-15*7 

5*76 

//-Butyric acid. 0*01 f n-oetanoic acid, 0*005 

-13*1 

4*56 

a-Hexanoie acid, 0*01 +//-octanoic acid, 0*005 

-134 

4*77 

//-Butyric acid, 0*01 + acetic acid, 0*01 

- 16*7 

3*88 

Ti-ilexanoic acid, 0*01 + acetic acid, 0*01 

- 15*3’ 

540 


The figures of the above table demonstrate the following facts. 

1. Many oxidizable substances inhibit the formation of ^-ketonic acids from 
fatty acids which have been added to liver slices. The inhibition is variable in 
degree, and it is usually produced without lowering of the oxygen uptake. 
Ketogenesis from n-oetanoic acid appears to be difficult to inhibit. 

2. Glucose, glycerol, sorbitol and glyceraldehyde behave as in the starved 
liver, but in presence of 0*01 M fatty acids the percentage inhibitions are smaller. 

3. Lactate and pyruvate also inhibit, the oxygen consumption then being 
raised above that due to fatty acid alone. 

4. The amino-acids cysteine, valine and alanine have little effect, but 
arginine and ornithine diminish ketogenesis. 

5. The dicarboxylic acids—succinic, glutaric, sebacic—have no regular in¬ 
fluence. Succinic acid inhibits slightly; glutaric acid appears to increase keto¬ 
genesis in presence of added fatty acid. 

6. Odd-numbered fatty acids. Formic acid is indifferent towards the process of 
ketogenesis, but propionic acid inhibits it to a marked extent. Since these two 
substrates are non-ketogenic their behaviour is not surprising. Contrary to 
expectation, and in spite of their own capacity to yield ketone bodies, the higher 
homologues—n-valeric, n-heptanoic and n-nonanoic acids—inhibited the forma¬ 
tion of j3-ketonic acids from butyric and n-hexanoic acids; but they showed no 
inhibitory effect in the case of n-octanoic acid. The antiketogenic action was 
accompanied, not by diminished, but by increased oxygen uptake. 

7. When two even-numbered fatty acids were present together there was not 
a summation of the separate ketogenic effects. Instead Q ArAV . assumed a maximum 
value which was a little in excess of the quotient for the more strongly ketogenic 
member of the pair. 

Bioohem. 1936 xxx 
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dl -Qlyceraldehyde. The results obtained with glyceraldehyde must be inter¬ 
preted with caution, since it was found that there is a considerable disappearance 
of acetoacetic acid when it is shaken with glyceraldehyde for 2 hours at 37-5° in 
the absence of tissue slices. Moreover, the effect of glyceraldehyde is not in¬ 
creased by the presence of slices (liver or kidney). The interaction of acetoacetic 
acid and glyceraldehyde resembles an effect described by Henze [1930; 1931; 
Henze & Muller, 1930] who found that acetoacetic acid reacted with methyl- 
glyoxal in vitro to give “ketol”. 

Discussion. 

These results afford evidence in favour of the hypothesis that the rate of 
production of ketone bodies in liver is the outcome of competition between fatty 
acids and other oxidizable substrates, and since the liver is the chief site of 
ketone body formation, substrate competition becomes an important factor in 
regulating the general ketogenic-antiketogenic balance. If oxidizable substrates 
such as glucose, sorbitol and lactate were able to compete with fatty acids for 
available oxygen, and if this were dependent on local substrate concentration, 
then fatty acid oxidation might be inhibited in the way that has been observed. 
According to this view the antiketogenic power of carbohydrates and their 
metabolic derivatives depends on “sparing” of fatty acids. 

Fatty acids are known to be strongly adsorbed. Should this occur in liver, it 
would help to explain the apparent selective oxidation of fatty acids. The 
oxidation of the higher homologue, w-octanoic acid, is scarcely affected by the 
presence of competitors, a fact which could be predicted if fatty acids are ad¬ 
sorbed by enzyme systems according to Traube’s rule. 

The effect of the odd-numbered fatty acids is noteworthy. If an even- 
numbered and an odd-numbered acid compete with each other on equal terms, 
inhibition may be expected, because the rates of ketone body formation are 
approximately in the ratio, odd : even:: 1: 3. The observed Q ArM . t of a competing 
pair is roughly the mean of the separate values obtained when only one acid is 
present. 

A theory of substrate competition would require that the antiketogenic action 
should increase with the concentration of the antiketogenic substance, and that 
it should occur without diminution of oxygen uptake. In the case of glucose this 
is true, but it is not equally clear with other substrates. Regarding oxygen con¬ 
sumption, however, the requirements of the theory appear to be satisfied in all 
cases. The anticatalytie effects of malonate and other ketogenic dicarboxylic 
acids supply additional evidence in support of a competition theory. 

Apart from substrate competition there may be other mechanisms con¬ 
trolling ketogenesis; for instance the powerful antiketogenic effects of glycerol 
and sorbitol may require some special explanation. 

Summaby. 

1. Antiketogenesis has been studied in liver slices of starved rats and in 
slices of well-nourished livers in presence of added fatty acids. 

2. The evidence leads to the conclusion that fatty acids compete with other 
oxidizable substrates for the oxidizing systems of the liver. Carbohydrates and 
their derivatives, e.g. lactate, pyruvate and dihydroxyacetone, alcohols and 
certain amino-acids are antiketogenic competitors. The fatty acids also compete 
amongst themselves. 

3. Glycerol and sorbitol are the most powerful of the antiketogenic sub¬ 
stances that have been examined. 



KETOGENESIS-ANTIKETOGENESIS 1869 

4. Substrate competition is considered to be an important factor in the 
regulation of hepatic ketogenesis. 

J am greatly indebted to Dr H. A. Krebs who suggested the hypothesis on 
which this work was based and gave me much helpful advice. 
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CCLXII. AEROBIC BREAKDOWN OF GLUCOSE 
BY BACT. SUBOXYDANS. 

By KENNETH RUPERT BUTLIN. 

From the Microbiological Section , Chemical Research Laboratory (Department 
of Scientific and Industrial Research , Teddington). 

(Received 8 August 1936.) 

Bact. SUBOXYDANS , an acetic acid organism isolated by Kluyver & de Leeuw 
[1924], is described by them as “ characterized by its slight intensity of oxidation 
which leads to an accumulation of intermediary products”. Normally, in 
aerated cultures grown in suitable liquid media, Bact. suboxydans converts 
glucose into gluconic acid and sometimes further into 5-ketogluconic acid. In this 
respect it differs considerably from related organisms such as Bact. aceti , Bact. 
rancens and Bact. xylinum , which are capable of oxidizing both glucose and 
gluconic acid to carbon dioxide and water. In the work to be described it 
is shown that the property of restricted oxidation so characteristic of Bact. 
suboxydans in aerobic conditions can be changed into one of strong oxidative 
ability similar to that of the three organisms mentioned. Moreover, the two 
types of culture possessing these different oxidative properties are convertible 
one into the other by a simple modification of the medium on which the organism 
is grown. 

The present investigation shows that two very different types of suspension 
are obtained when Bact. suboxydans is grown on maize wort agar or on maize 
wort agar to which 2 % chalk has been added. Suspensions derived from the 
medium without chalk are dirty white in colour and are capable of oxidizing 
glucose to gluconic acid only. They give no oxygen uptake or evolution of carbon 
dioxide with gluconic acid. Suspensions from cultures grown on the medium 
containing chalk are pink and give a very much larger and more rapid oxygen 
uptake with glucose than the other type of suspension, as well as a considerable 
evolution of carbon dioxide. Moreover, with gluconic acid a rapid oxygen uptake 
and evolution of carbon dioxide are obtained. It is concluded from the experi¬ 
mental figures that with this type of suspension glucose is first oxidized to 
gluconic acid, which is then broken down with evolution of carbon dioxide 
equal to the volume of oxygen absorbed. Some of the glucose or gluconic acid 
is probably oxidized to a keto- or aldehydo-gluconic acid. It is of interest in 
connexion with the large increase in oxygen uptake resulting from growth of 
Bad. suboxydans on the medium containing chalk, that in a recent publication 
Cozic [1936] states that a considerable increase in the rates of oxygen absorption 
by suspensions of Bad. rancens and Bad. pasteurianum was observed when 
chalk was added to the growth medium. It should also be mentioned that 
Simon [1930] showed that Bad. suboxydans , together with Bad. pasteurianum 
and Bact. ascendens, can act anaerobically on glucose to give a true alcoholic 
fermentation, but he states that this does not occur in the presence of oxygen. 

The striking difference in oxidative powers and of ability to break down the 
glucose molecule of the two types of suspensions implies that the enzymic 
system possessed by suspensions of Bad. suboxydans grown on maize wort agar 
containing chalk is profoundly different in function from that possessed by 

( 1870 ) 
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suspensions derived from cultures grown on maize wort agar without chalk. It 
is very probable that the difference is due directly to the neutralization by the 
chalk of the acid formed by the organism during growth on the medium. Without 
chalk the strongly acid conditions which develop are probably unfavourable for 
the formation in the enzyme system of the organism of the specific active group 
responsible for the breakdown of the glucose or gluconic acid molecule. It is 
also possible that the pink pigment present in the more active suspension is 
partly responsible for the increased activity by acting as carrier between the 
activated substrate molecules and molecular oxygen, in much the same way as 
other intracellular pigments such as the well-known yellow enzyme and the blue 
pigment of Bad. pyocyaneum. 

An attempt has been made to link this difference in properties with the 
intensity of phosphatase activity in the suspensions. 

Experimental. 

Bacterial suspensions and preparations. The culture of Bart, suboxydans used in these experi¬ 
ments was obtained from the National Collection of Type Cultures. The history of the different 
subcultures previous to use in the experiments described had varied considerably. For most of 
the time all cultures were on maize wort agar, but at some period they had been on beer agar, 
ordinary wort agar, yeast-glycerol liquid medium, bouillon-agar and maize wort agar with chalk. 
The media employed for growth in the experiments to be described consisted of (a) maize wort 
agar, ( b) maize wort agar with 2% chalk, contained in flat 16-oz. bottles. In order to incorporate 
the chalk throughout the agar it was essential to shake the bottles jiiBt before solidification. A 
thin saline suspension of the organism grown on the same medium was used for inoculation and 
the bottles were incubated at 30° for 4 days. The growth was removed from the agar surface by 
adding sterile physiological saline and rubbing with a sterile glass rod. The washings thus obtained 
from the maize wort agar without chalk wore very acid and, to remove this acidity it was necessary, 
after filtering through sterile glass wool to remove small lumps of agar, to centrifuge and wash 
three or four times before finally suspending in saline. The organisms from the chalk medium 
were much more difficult to centrifuge and gave a definitely pink suspension, in contrast- to the 
dirty white of the other suspensions. The suspensions were aerated for 1 hour and kept at 0°. The 
dry weights of the suspensions from the maize wort agar without chalk were usually 10-15 mg./ml. 
and those from the chalk medium 20-25 mg./ml. Dilution within a wide range made no appre¬ 
ciable difference; e.g. a suspension from the chalk medium, with dry weight 23 mg./ml., gave 
almost identical values for oxygen uptake and evolution of carbon dioxide with glucose when 
diluted to three times its volume. 

The air-dried preparations were made by centrifuging a portion of the suspensions, drying 
the sediment in a vacuum desiccator and grinding to a fine powder. 

The acetone preparations were made from the suspensions as described by Miiller [1931]. 

Oxygen absorption and evolution of carbon dioxide of suspensions of Bact. suboxydans with 
glucose and calcium gluconate. These were measured by means of the Baroroft differential mano¬ 
meter, the usual technique being followed [Dixon, 1934J. The volumes of the tw’o flasks in each 
apparatus were so adjusted by means of glass beads that their difference was less than 100 pi. The 
carbon dioxide output was measured by the direct method. The left flask of the manometer con¬ 
tained 1 ml. suspension and 2 ml. buffer, the right flask 1 ml. suspension, 1*7 ml. buffer and 0*3 ml. 
substrate contained in a Keilin tube during equilibration, after which it was mixed with the other 
contents. Either phosphate or phthalate buffers of pH 5*5 were used, preliminary experiments 
having shown that 5*5 is the optimum pH for oxygen absorption by Bact. suboxydans with glucose 
as substrate. 0*1 M glucose was used. Theoretically 03 ml. of 0*1 M glucose takes up 334 pi. of 
oxygen at N.T.P. for each atom of oxygen absorbed by the glucose molecule. A temperature of 
3 0° was used throughout. 
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Suspensions of Bact. suboxydans grown on maize wort agar (no chalk). 

Fig. 1 shows an oxygen uptake-time curve typical of many which have been 
obtained at different times with glucose as substrate. The oxygen uptake was 
comparatively rapid at the beginning and slowly decreased until it ceased alto¬ 
gether at a value of 320-340/xl. oxygen, i.e. at a value equivalent to the absorption 
of one atom of oxygen by each molecule of glucose represented by 0*3 ml. 



Fig. 1. Oxygen uptake, with 0*3 ml. of 01 M glucose as substrate, of suspension of Bact. 
suboxydans from growth on maize wort agar without chalk. Theoretical 0 2 uptake for 
complete oxidation to gluconic acid is 334 pi. Temp. 30°. pH, 5*5. 

substrate. No carbon dioxide was evolved. The increase in acidity of the right- 
hand flask containing suspension and glucose almost invariably amounted to 
1*5 ml. of 0-02 N NaOH, which is equivalent to the gluconic acid obtainable 
from 0-3 ml. of 0*1 M glucose. The absorption of the equivalent of one atom of 
oxygen and a simultaneous appearance of an equivalent acidity points very 
strongly to the formation of gluconic acid. The only other possible position for a 
carboxyl group in the intact glucose molecule would be at the other end of the 
chain and if this were formed it would require the absorption of the equivalent 
of two atoms of oxygen. 

There was no oxygen uptake or evolution of carbon dioxide with 0*05 M 
calcium gluconate at pR 5*5. 

It was thought possible that the thorough washing which this type of sus¬ 
pension required to remove all acid might also have removed some active agent 
of the enzymic system. Accordingly a portion of a suspension was centrifuged, 
the supernatant liquid removed and the suspension made up again with some of 
the neutralized supernatant liquid of the first washing. The new suspension was 
examined for oxygen absorption and evolution of carbon dioxide in presence of 
glucose in the Barcroft differential manometer and was found to give similar 
results to the above. It was concluded that washing had had no de-activating 
effect. 
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Suspensions of Bact. suboxydans groum on maize wort agar 
containing 2 °/ 0 chalk. 

Fig. 2 shows a typical example of an oxygen uptake-time and C0 2 output¬ 
time curve obtained with this type of suspension using 0-3 ml. of 0*1 M glucose 
as substrate. The initial uptake of oxygen is much more rapid than that 
obtained with the type of suspension derived from Bact. suboxydans grown 
without chalk. The rate of oxygen absorption slowly diminishes, especially after 
the equivalent of one atom of oxygen has been taken up. At first there is only 
very little, if any, evolution of carbon dioxide, but this rapidly increases. After a 



Hours Hours 

Fig. 2. Fig. 3. 

Fig. 2, Oxygen uptake and CO, output, with 0-3 ml. 0*1 M glucose as substrate, of suspension 
of Bact. Hubvxydam from growth on maize wort agar containing 2% chalk. Temp. 30°. 
pH, 5*5. 

Fig. 3. Oxygen uptake and CO a output, with 0*3 ml. 0*05 M calcium gluconate as substrate, 
of suspension of Bact. mboxydans from growth on maize wort agar containing 2% chalk. 
Temp. 30°. pH, 5*6. 

time the evolution of carbon dioxide becomes equal in volume to the oxygen 
absorbed. The difference in volume between the total oxygen uptake and the 
carbon dioxide evolved represents the absorption of oxygen without any 
formation of carbon dioxide?, that is, some simple oxidation process. In some 
cases this difference in volume becomes stabilized at about 330/xl. which is 
approximately equivalent to one atom of oxygen for each molecule of glucose 
present. This excess of total oxygen uptake over carbon dioxide output is in all 
probability due to the formation of gluconic acid, which is oxidized as soon as 
produced giving an evolution of carbon dioxide equal to the oxygen absorbed. 

In most experiments the difference in volume between oxygen uptake and 
evolution of carbon dioxide increases beyond 330/xl. to about 450-470/xl. This 
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additional excess of oxygen absorption may perhaps be accounted for by the par¬ 
tial oxidation of gluconic acid to 5-ketogluconic acid, CH 2 OH. CO(CHOH) s COOH, 
a reaction which has been observed for other acetic acid bacteria by several 
workers [Bemhauer & Schon, 1929; Hermann & Neuschul, 1931; Takahashi & 
Asai, 1931]. There are also the possibilities that 2-ketogluconic acid [Bemhauer 
& Gorlich, 1935], 6-aldehydogluconic acid (i-glucuronic acid) [Takahashi & Asai, 
1931; 1933] and saccharic acid may be formed. Another but less likely possibility 
is that there may be some oxidation process without evolution of carbon dioxide 
later on in the degradation of the glucose or gluconic acid molecule. However, 
the fact that 5-ketogluconic acid is a normal product of the glucose and gluconic 
acid metabolism of Bad. suboxydans in ordinary liquid culture points to this 
compound as being the most likely product in the experiments described above. 

The view that gluconic acid is the first product of the action of the suspension 
of Bad . suboxydans grown on maize wort agar containing chalk is strengthened 
by the results obtained with 0-3 ml. of 0-05if calcium gluconate in place of the 
equivalent 0-3 ml. of 0*1 M glucose as substrate in the Barcroft apparatus 
(Fig. 3). 

Here the experimental results obtained are very similar to those obtained 
with glucose, with the significant exception that the difference between oxygen 
uptake and carbon dioxide output, that is, the absorption of oxygen unaccom¬ 
panied by any evolution of carbon dioxide, rose only to about 120/xl. after 
5 hours. In the case of glucose, as stated above, the difference in most cases 
became stabilized at about 450-470/xl., and this difference was usually attained 
in less than an hour. It will be noted that the two sets of figures for glucose and 
gluconic acid, i.e. 120/xl. and 450-470/xl., differ by 330-350/xl., which is approxi¬ 
mately equivalent to one atom of oxygen for 0*3 ml. substrate, that is, to the 
difference in oxygen content of the glucose and gluconic acid molecules. 

Phosphatase adivity of Bact. suboxydans. 

Synthesis of phosphoric esters. All attempts to demonstrate the synthesis of 
hexosephosphates by the two types of suspension or their air-dried and acetone 
preparations gave negative results. The method employed was to make up 
flasks containing the following mixtures: 1 g. of air-dried or acetone bacteria or 
1 ml. suspension, variable quantities of glucose ranging from 0-03 to 0*7 g., 
0*07 ml. toluene and 2-5 ml. of 0-3 M Na 2 HP0 4 for experiments on the alkaline 
side of neutrality or an equivalent quantity of KH 2 P0 4 for experiments in acid 
conditions. The total volume was brought up to 10 ml. in each case and the flasks 
incubated at 30°. The amount of inorganic phosphate was determined [King, 
1932] after 5,10,20,30,60 min. and afterwards at wider intervals up to 48 hours. 
No definite decrease in organic phosphate was observed in any experiment, 
though there were slight deviations on either side of the original phosphate 
value. These negative results do not necessarily mean that no hexosephosphates 
are synthesized, as they may be broken down immediately they are formed. 

Hydrolysis of sodium hexosediphosphate. Simon [1930, p. 277] demonstrated 
the ability of Bact. suboxydans to hydrolyse magnesium hexosediphosphate to 
the extent of over 80% in 48 hours. 

In order to compare the hydrolytic powers of the two types of suspension 
and their acetone and dried preparations, the cultures from which they were 
derived were grown under the same conditions and on the same batch of maize 
wort agar, with the exception of the addition of chalk to the chalk*containing 
medium. 
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Mixtures of the following composition were made up: 

0*5 g. acetone or air-dried preparation or 2 ml. suspension, 5 ml. buffer solution, 1 ml. of 
if/7*5 sodium hexosediphosphate solution, the whole being made up to 10 ml. Potassium hydrogen 
phthalate buffer solutions of pH 4*5 were employed, preliminary experiments having shown that 
the optimum pH for the liberation of inorganic phosphate was between 4 and 5. The Mj 7*5 
sodium hexosediphosphate solution was prepared by dissolving 1-16 g- of anhydrous sodium 
sulphate in 30 ml. water, grinding with 2*44 g. of barium hexosediphosphate (B.D.H.) and centri¬ 
fuging. Solutions containing bacteria and buffer, buffer and hexosephosphate were made up as 
controls. The flasks were placed in a thermostat at 30° and gently agitated. Samples were removed 
approximately every 24 hours and estimated for inorganic phosphate by King’s method [1932]. 

Table I gives the results obtained in one experiment in which the suspension 
and acetone preparation of the two types were compared. Table II gives other 
experimental results obtained after varying periods of incubation at 30°. In 
this table the results within each experiment are strictly comparable. The results 
are expressed as mg. of inorganic phosphorus in each ml. of the mixture. The 
maximum possible value, for complete hydrolysis, is 0*83 mg./ml. 

Table I. Hydrolysis of sodium hexosediphosphate by Bact. suboxydans. 

A represents suspension or acetone preparation from maize wort agar containing 2 % chalk. 

B represents suspension or acetone preparation from maize wort agar without chalk. 



Suspension A 

Suspension B 



Time 

dry weight 

dry weight 

Acetone 

Acetone 

hours 

25 mg./ml. 

23 mg./ml. 

preparation A 

preparation B 

23 

— 

— 

017 

0-05 

44 

0-33 

016 

0-39 

015 

70 

0-47 

0-20 

0-45 

019 

90 

0-51 

0*24 

— 

— 

116 

— 

— 

0*59 

0-32 


Table IT. Hydrolysis of sodium hexosediphosphate by Bact. suboxydans. 


Culture grown on maize wort Culture grown on maize wort 
agar containing 2% chalk agar with no chalk 



Air-dried 

Acetone 

r 

Air-dried 

Acetone 

Experiment 

preparation 

preparation 

preparation 

preparation 

No. 1 after 1 dav 

0-29 

016 

0-06 

Trace 

No. 1 after 3 days 

0-43 

0-53 

010 

010 

No. 2 after 3 days 

— 

0-53 

— 

0-28 

No. 3 after 1 day 

0-44 

— 

0*09 

— 

No. 4 after 2 days 

0-40 

— 

Nil 

— 


An examination of Table II shows that the results obtained were variable, 
but it is clear that there is a very definite difference between the two types in 
their power of forming inorganic phosphate from sodium hexosediphosphate. 
In one experiment (No. 4) and in one only, the air-dried preparation of the 
culture grown without chalk liberated no free inorganic phosphate, but in the 
other experiments the preparation derived from this medium showed some 
phosphatase activity but considerably smaller than that of the preparation 
derived from the maize wort agar containing chalk. It is therefore evident that 
the strong oxidative ability possessed by suspensions of Bact, suboxydans from 
cultures grown on maize wort agar containing 2% chalk is accompanied by 
considerably higher phosphatase activity than that possessed by the suspensions 
of restricted oxidative capacity derived from maize wort agar containing no 
chalk. 
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The effect of subculturing Bact. suboxydans of either type on to the 
characteristic medium of the other. 

In order to determine whether the properties acquired by suspensions of 
Bact. suboxydans by growth on chalk maize wort agar were permanent or not, 
a culture which had been grown on the chalk medium for several generations 
was transferred to ordinary maize wort agar. Suspensions of the growth were 
made and examined for oxygen uptake and carbon dioxide output, while air- 
dried and acetone preparations of the suspensions were examined for phos¬ 
phatase activity. All showed the characteristic properties of the type normally 
derived from maize wort agar. Similarly a culture which had been grown on 
ordinary maize wort agar for a long time immediately acquired the properties of 
the other variety when transferred to the chalk medium. 

It is evident from this that the considerable modification induced in the 
enzyme system by the addition of chalk to the culture medium is a temporary 
variation and not a permanently acquired character. 

Summary. 

1. Bact. suboxydans, an acetic acid organism characterized by its property of 
restricted oxidation in aerobic conditions, is found to possess a strongly oxidizing 
enzymic system when grown on maize wort agar containing 2 % chalk. 

2. Washed suspensions of the growth from maize wort agar without chalk are 
dirty white in colour and oxidize glucose to gluconic acid but no further at the 
optimum pH 5-5. There is no evolution of carbon dioxide. These suspensions have 
no action on gluconic acid. 

3. Washed suspensions from maize wort agar containing chalk are pink and 
give a much larger and more rapid oxygen uptake with glucose as substrate than 
the other type of suspension, as well as a considerable evolution of carbon 
dioxide. Gluconic acid is first produced but is immediately oxidized with 
evolution of carbon dioxide equal to the oxygen absorbed in this reaction. 
Some keto- or aldchydo-gluconic acid, probably 5-ketogluconic acid, may also 
be formed. The action of this type of suspension on gluconic acid is very similar 
to that on glucose, and the difference in oxygen uptakes unaccompanied by 
evolution of carbon dioxide is accounted for by the difference of one atom of 
oxygen between the glucose and gluconic acid molecules. 

4. No synthesis of hexosephosphates by suspensions or air-dried and acetone 
preparations of either type could be detected. 

5. The suspensions and air-dried and acetone preparations of the cultures 
grown on the chalk-containing medium were found to possess a much greater 
capacity for hydrolysing sodium hexosediphosphate than the corresponding 
suspensions and preparations from the maize wort agar without chalk. 

6. The modification in enzymic properties produced by the chalk is a tem¬ 
porary variation and not a permanently acquired character. 

The writer wishes to express his sincere thanks to Dr A. C. Thaysen for his 
interest and advice in this work. The work described above was carried out as 
part of the programme of the Chemistry Research Board and is published by 
permission of the Director of Chemical Research in the Department of Scientific 
and Industrial Research. 
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CCLXIII. THE UTILIZATION BY THE RAT OF 
VITAMIN A AND CAROTENE ADMINISTERED 
IN DIFFERENT MEDIA. 

By KATHARINE HOPE COWARD. 

From the College of the Pharmaceutical Society , London . 

{Received 27 August 1936.) 

Before the adoption of the International Standard of reference for vitamin A, 
a large amount of work was carried out by several workers to determine the best 
solvent for its administration to experimental animals. A full account of this 
work has been given in the Medical Research Council’s Special Report, No. 202 
[1935]. The general conclusion was that the Standard (a particular sample of jS- 
carotene) was more effective when administered in coconut oil or arachis oil 
(particular samples only) than when administered in olive oil, hardened cotton¬ 
seed oil, ethyl laurate or liquid paraffin. There was some evidence from colori¬ 
metric determinations that the carotene was less stable in the latter solvents than 
in the samples of coconut oil used. Baumann & Steenbock [1933, 2] found by 
colorimetric determination less destruction of carotene in a refined cotton seed 
oil than in any other solvent. The possibility that carotene might be utilized 
differently in different solvents was mentioned in the Medical Research Council’s 
Report. 

It seems admissible to test this possibility by the following consideration. 
If the carotene in a particular solution is imperfectly utilized by the animal, the 
extent to which different animals utilize it would, presumably, vary. That is, if 
less than 100 % of the carotene were utilized, it could not be expected that all 
animals would utilize exactly the same proportion. On this view, therefore, the 
variation in response of animals given carotene in these “poor” solvents would 
be greater than that of animals given carotene in the “best ” solvent if the “ best ” 
solvent owes its superiority to the better utilization of the carotene in it. A 
measure of this variation can be made by the generally accepted method of esti¬ 
mating the standard deviation (a) of the test. 

Since there are not enough figures available to make a reliable comparison 
between the variation in response of animals given carotene in coconut oil and 
that of animals given carotene in other oils, other comparisons of a similar nature 
have been made from the large amount of material available from the carrying 
out of tests in this laboratory. Comparisons which at once suggested themselves 
as useful for this purpose and for which there was sufficient material, were 
(a) cod liver oil and plant tissues; (b) butter and margarines containing a vitamin 
concentrate. The vitamin A of cod liver oil is regarded as true vitamin A whilst 
that of plant tissues is probably entirely in the form of carotene. The vitamin A 
of butter is probably largely true vitamin A (about 15 % of it was found to be 
carotene by Baumann & Steenbock [1933, 1]), whilst that of the margarines is 
also true vitamin A but is contained in different solvents, mostly vegetable oils. 
The examination of the standard deviations of the responses to these different 
sources of vitamin A has failed to show any real differences, and it therefore 
seems probable that the differences in results obtained by the solution of carotene 
in different oils cannot be due to differences in utilization of the carotene or 
vitamin A contained in them. 
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The general estimate of the standard deviation of a single determination {a) 
for the response of rats to a dose of vitamin A. 

A general estimate of the standard deviation of a single determination (or) for 
the response of rats to a dose of vitamin A given daily for 5 weeks after they had 
ceased to grow on a diet deficient in that factor was published by Coward [1932] 
from results obtained during the period November 1929 to December 1931. The 
method of calculating or was fully described in that paper. From these same ex¬ 
periments the standard deviation of the response of rats during the first three 
weeks of the test has been calculated (Table I). The tests have since been 


Table I. Variation in response to doses of vitamin A . 
(The whole of the tests from November 1929 to July 1936.) 


Serial No. 
of tests 

Dates (approx.) 

No. of 
rats 

No. of 
groups 

Drf 2 

a 2 

/ 

a 

1-108* 

Nov. 1929-Dec. 1931 

Bucks 

677 

112 

70,579 

126-69 

11-26 

109-189 

Jan.-Dee. 1932 

337 

72 

48,185 

182-19 

13-50 

190-303 

Jan. 1933-Sept, 1934 

449 

111 

72,985 

216-52 

14-71 

304-402 

Oct. 1934-Oct, 1935 

409 

92 

39,404 

124-30 

11-15 

403-514 

Nov. 1935-July 1936 

377 

95 

_ 28,931 

102-58 

10-13 

1-514 

Nov. 1929-July 1936 

2249 

"482 

260,084 

147-19 

12-13 

1-108* 

Nov. 1929-Dec. 1931 

Does 

719 

112 

43,990 

72-47 

8-51 

109-189 

Jan.-Dee. 1932 

468 

82 

51,626 

133*69 

11-56 

190-303 

Jan. 1933-Sept, 1934 

610 

116 

48,917 

99-02 

9-95 

304-402 

Oct. 1934-Oct. 1935 

529 

97 

35,240 

81-57 

9-03 

403-514 

Nov. 1935-July 1936 

486 

108 

31,864 

84-30 

9-18 

~ 1-514 

Nov. 1929-July 1936 

2812 

515 " 

211,637 

92-14 

9-60 


* Including 4 inserted afterwards. 


carried on with no avoidable differences, and from time to time the standard 
deviation of the three 'weeks' test has been determined from the whole of the 
results available. These are collected in Table I. No explanation of the rise in 
the value of a in 1932 and 1933 is suggested, or of the subsequent fall in 1934, 
1935 and 1936. The values are given to show that the variation in the response of 
animals to apparently the same treatment may itself vary from time to time. 
The average value for a is given as a general estimate of its value for tests carried 
out in this laboratory. 

In addition a calculation has been made of the standard deviation of the 
response in all tests made on cod liver oil Z since it was adopted as a subsidiary 
standard of reference in this laboratory in November 1932. These results are 
included in the general estimate of the standard deviation, of which they form 
only about 16 %. The value of <r for cod liver oil is, according to both male and 
female rats, equal to the average for all the tests (Table II). 

Table II. Variation in response to vitamin A in cod liver oil Z. 

(November 1932 to July 1936.) 

No. of No. of 

rats groups 24* o z o 

Bucks 347 82 38,330 144-64 1203 

Does 452 85 32,498 88-56 9-41 
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Comparison between the variation in response to doses of vitamin A (a) in 
cod liver oil and (b) in plant tissues. 

Since there is evidently some influence affecting the variation in response of 
the whole stock of animals from time to time, a comparison of the variation of 
two groups of animals can only be made safely with those animals which are on 
test simultaneously, so that whatever is affecting the variation must affect both 
groups equally. During the last twelve months we have been estimating the 
vitamin A contents of a large num ber of vegetable tissues (fruits, vegetables, pulses 
etc., some of them dried but most of them fresh) by comparison with our cod liver 
oil Z. These, together with a few more tests carried out previously, have given us 
sufficient material for this comparison. Our procedure for such comparisons is to 
prepare large numbers of rats by giving them the vitamin A-free diet, starting 
several litters two or three times a week, so that we have a continuous supply of 
rats becoming steady in weight on a shortage of vitamin A. As the rats become 
ready for test, they are divided into groups, one to be given a dose of the 
standard, another to be given a dose of the test substance. We do not regard it 
as essential that litter-mates should be used for comparisons, for we have deter¬ 
mined (unpublished results) that the variation in response of litter-mates to the 
same dose of vitamin A, given when the rats have become steady in weight, is not 
less than that of rats from different litters. We are fully aware that the members 
of different litters have different reserves of vitamin A, but we consider that 
our procedure of just exhausting these reserves reduces the rats from different 
litters to a fairly similar condition. Naturally, in prophylactic tests or in par¬ 
tially prophylactic tests, litter-mate comparison is essential. 

In assigning the rats which are ready for test to the different groups we think 
it is highly important that as far as possible equal numbers of rats should be 
assigned to the different groups each day. Whatever may be the various causes 
of the variation in response, those which may be felt from day to day (such as 
changes in temperature shown by Tourtellotte & Bacon [1935] to have an effect 
in vitamin D experiments) must be allowed to have equal influence on the 
different groups. If our supply of rats ready for test is good, we may compare 
two or even three test substances with the standard, putting the rats into the 
groups for (a) standard, ( b ) test A, (c) test B, and [d) test C respectively in regular 
sequence. 

With the comparison controlled in this way, we have found that, according 
to the male rats of the tests, the variation in response to the vitamin A of cod 
liver oil is the same as to that of plant tissues, whilst according to the female rats, 
the variation in the response to the vitamin A of cod liver oil is a little larger 
than to that of the plant tissues but not significantly so (Table HI). 

Table III. Comparison between cod liver oil and vegetables tested at the 
same time with regard to the variation in response to vitamin A. 

(May 1933 to July 1930.) 

No. of No. of 




rats 

groups 

£ d* 

a* 

a 

Cod liver oil 

Bucks 

163 

30 

14,245 

11217 

10*59 


Does 

193 

38 

14,727 

95 01 

9*75 

Vegetables 

Bucks 

227 

60 

18,793 

11120 

10*54 

Does 

294 

72 

10,531 

74*46 

8*63 
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Comparison between the, variation in response to doses of vitamin A in 
(a) butler , and (b) margarine containing a vitamin concentrate. 

For some years we have been making a comparison almost every month 
between a sample of a “vitamin margarine” and a sample of dairy butter, both 
bought at the same time and in the open market. Thus we have ample material 
from which to judge the variation in response to doses of vitamin A (a) as con¬ 
tained in butter and (b) as contained in this margarine. The comparisons were 
always made as described in the last section of this paper, i.e. they were made by 
simultaneous tests of the two products. The result may be seen in Table IV. 

Table IV. Comparison between butlers and vitaminized margarines tested at 
the same time , with regard to variation in response to vitamin A . 


(January 1930 to July 1936.) 




No. of 

No. of 






rats 

groups 

EJ- 

a 2 

Q 

Butters 

Bucks 

257 

54 

33,007 

162-60 

12-75 


Does 

315 

56 

24,483 

94-53 

9-72 

Margarines 

Bucks 

281 

67 

28,042 

131*04 

11-45 

Does 

371 

69 

30,300 

100-66 

10*03 


The standard deviation (<r) of a single determination according to the male 
rats was rather higher for the butters than for the margarines, but according 
to the female rats it was rather higher for the margarines than for the 
butters. Thus it must be concluded that there is no greater or less variation 
in the utilization of the vitamin A of butters than in that of the margarines 
containing the vitamin A concentrate.' 


Summary. 

Carotene has been found by several workers to be most effective as vitamin A 
on experimental animals when administered in coconut oil. This may be due 
to partial destruction in the “poorer” oils which has been demonstrated eolori- 
metrically, but it has also been suggested that it may be partially due to a less 
complete utilization from the poorer oils. 

If this is so, then it is to be expected that the utilization, being Jess 
than complete, would vary between different animals. This would bring 
about a greater variation in the response to a given dose of carotene than 
that which is observed normally when, presumably, utilization is complete. 
Comparisons of the variations in response to doses of carotene or vitamin A 
in different solvents or from different sources should, therefore, if carried out 
under strictly controlled conditions, indicate differences in utilization of the 
vitamin. 

Comparisons of the variation in response to (a) the vitamin A in cod-liver oil 
and that contained, probably wholly as carotene, in plant tissues (for which 
877 rats were used), and (6) the vitamin A (partly carotene) of butter and the 
vitamin A of margarines containing a vitamin concentrate (for which 1224 rats 
were used) show no significant differences. 

It is therefore concluded that there is no difference in the powers of animals 
to utilize vitamin A or carotene either as supplied to them in cod liver oil or in 
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plant tissues, or as supplied to them in butters or as concentrates in various 
vegetable oils. The causes of the difference in effectiveness of carotene dissolved 
in different oils must be sought elsewhere. 
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Harris [1933] concluded from the results of biological tests that only about 
one-third of the material in Jensen rat sarcoma which reduces 2:6-dichloro- 
phenolindophenol is ascorbic arid. Later Young & Mitolo [1934] and Mitolo 
[1934] brought forward evidence which they believed to indicate that brain 
tissue also contains an indophenol-reducing factor (i.f.) which is not ascorbic 
acid. Recent investigations have cast doubt on the conclusion that tumour 
tissue contains an i.f. other than ascorbic acid [Woodward et al. 1930; Watson, 
1930; Kellie & Zilva, 1930J. The experiments described in this paper suggest 
further that the evidence previously believed to demonstrate the existence of a 
non-ascorbic acid i.f. in brain tissue is inconclusive. 

The evidence previously presented that brain tissue contains such a sub¬ 
stance [Young & Mitolo, 1934; Mitolo, 1934] was as follows: 


Substance in crude bruin tissue extracts 


Ascorbic acid 


Readily reduces acid ammonium molybdate 
at room temperature 

Dow not reduce ammoniacal silver nitrate at 
room temperature 
Insoluble in acetone 
Precipitated bv mercuric acetate 
No antiscorbutic activity 


Does not readily do so 

Reduction at room temperature 
instantaneous 

Freely soluble in absolute acetone 
Not so precipitated 
Antiscorbutic 


The validity of the non-biological evidence given above that the substance 
present in crude brain extracts is not ascorbic acid is undermined by the fol¬ 
lowing observation. Prolonged aeration, in alkaline solution, of a crude brain 
extract results in the complete disappearance of the i.f. If the reaction is then 
adjusted to its previous value (about pVL 6) and pure ascorbic acid added in 
amount calculated to be equal to the i.f. destroyed, the properties of the resulting 
solution are similar to those of a crude brain extract. In other words, if ascorbic 
acid is added to crude brain extracts, it assumes the chemical and physical 
properties of the unknown i.f. The question of the biological evidence, which 
is unsatisfactory, will not be considered in this paper. It may be stated, how¬ 
ever, that the results have been inconsistent. The crude brain extracts used in 
the biological tests necessarily had a high solid content because of the low con¬ 
centration of the I.F. in ox brain. They were therefore somewhat unpalatable to 
the guinea-pigs receiving a scorbutic diet. Some indication was obtained of a 
definitely deleterious effect of these extracts on the growth of the animal before 
symptoms of scurvy appeared. It is clear that, when such highly concentrated 
crude tissue extracts are used, interpretation of the results must be cautious. 

1 Beit Memorial Fellow. 

( 1883 ) 
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Experimental. 

Ox brains obtained from the slaughter-house within a short time of the 
death of the animal were used in the majority of these experiments. In many 
cases confirmatory results were obtained with brain tissue from other species. 

Ascorbic acid and the i.f. in brain were estimated by the reduction of 
2:6-dichlorophenolindophenol, using the technique of Birch et al. [1933]. The 
indicator was standardized against pure ascorbic acid (Hoffmann La Roche and 
Co.) which was itself checked against standard iodine solution. The figures for 
i.f. are expressed as mg. equivalent of ascorbic acid. 

Crude brain extract was prepared by rapidly mincing the brain tissue into 
1*5 volumes of absolute alcohol and extracting for 24 hours at 0° with occasional 
stirring. The extract was then filtered off and the residue extracted twice with 
70 % alcohol. The alcoholic extracts were combined and evaporated in vacuo at 
an outside temperature of 30-40° to such a volume that 1 ml. contained about 


Table 1. 



I mg. 
equivalent 

Reagent (5 ml. in all cases) crude extract 

Equivalent 

inactivated 

extract 

1 mg. pure 
ascorbic acid 

“ Recon¬ 
stituted 
extract* * 

8% ammonium molybdate Rapid 

reduction 

0 

0? 

Rapid 

reduction 

8 % ammonium molybdate +1 ml. Rapid 

1 % KHjP 0 4 reduction 

0 

Rapid 

reduction 

Rapid 

reduction 

Ammoniacal silver nitrate Very slow 

blackening 

0? 

Instantaneous 

reduction 

Very slow 
blackening 

Ammoniacal silver nitrate 4-10 mg. Very slow 
glutathione blackening 

0? 

Very slow 
blackening 

Very slow 
blackening 

Acid (acetic) silver nitrate Fairly rapid 

reduction 

0 

Rapid 

reduction 

Fairly rapid 
reduction 


1 mg. equivalent of I.F. “ Inactivated crude extract” was prepared by adjusting 
the pH of the crude extract to about 10 and bubbling air through briskly until no 
reduction of indophenol reagent could be detected. The reaction was then 
adjusted to its original value. “Reconstituted crude extract” was prepared by 
adding pure ascorbic acid to “inactivated crude extract” in amount equivalent 
to the i.f. removed by aeration. 

Seducing tests are summarized in Table I. 

Acetone-solubility . To 10 ml. of crude extract, containing 15*6 mg. equivalent 
of i.f., 95 ml. of acetone were added. The precipitate was redissolved and the 
precipitation repeated twice. The final precipitate contained 11*9 mg. equivalent 
of i.f. The combined filtrates were freed from acetone by distillation in vacuo 
and found to contain 0*82 mg. equivalent of i.f. 

A repetition of this experiment using “reconstituted crude extract” gave 
the following results: precipitate contains 11*4 mg.: filtrate contains 0*35 mg. 
ascorbic acid. 

Mercuric acetate precipitation . To 10 ml. of neutral crude extract were added 
18*75 ml. of 20% mercuric acetate solution. Precipitate and filtrate were 
separately freed from mercury by HgS and the H 2 S removed by evacuation 
combined with a stream of nitrogen. The precipitate contained 2*4 mg. equivalent 
of i.f. ; the filtrate contained 5*4 mg. equivalent of i.f. 

A repetition of this experiment with “reconstituted crude extract” gave the 
following results: precipitate contained 3*0 mg.; filtrate contained 5*5 mg. 
ascorbic add* 
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Biological tests . A comparison of the antiscorbutic activity of ascorbic acid or orange juice 
with that of the i.f. in crude brain extracts has been made by determining the ability of these 
substances to prevent the appearance of scurvy in guinea-pigs receiving a scorbutic diet. The 
symptoms of scurvy were assessed on the growth curve and on the general post-mortem appear¬ 
ance. In one experiment the daily administration of 6 mg. was ineffective in preventing the 
appearance of scorbutic symptoms, in another the feeding of 3 mg. equivalent was effective. In 
general six animals were used in each group, and as far as possible the conditions were similar in 
all cases, but over a considerable number of experiments the results were inconsistent. 

Absorption spectrum. “Crude extract” at pH 7 gave an absorption band with a (somewhat 
broad) maximum at 255 mp. This might have been considered additional evidence that the i.f. 
differed from ascorbic acid, which in neutral aqueous solution has a well-defined peak at 263 nip. 
Fractionation of “ crude extract” with lead acetate followed by removal of lead from the separated 
fractions by H a S showed that 71 % of the recovered lf. had been precipitated by basic lead acetate, 
and now exhibited a band at 263 mp, whereas the filtrate from this precipitation contained only 
14 % of the recovered i.f. but possessed a strong band with maximum absorption at 247 mp. That 
the original band at 255mp was constituted largely, if not entirely, of two bands, one at 247 mp 
and the other at 263mp received support from the observation that “inactivated crude extract” 
exhibited a strong band with maximum at 247 mp. 

Discussion. 

The simulation of the properties of the i.f. in crude brain extracts by added 
ascorbic acid definitely invalidates the chemical evidence on which the existence 
of a non-ascorbic acid i.f. was deduced. It is now known that the reducing 
properties of ascorbic acid are greatly modified by the presence of glutathione 
[Emraerie, 1934; de Caro & Giani, 1934] and other substances present in tissue 
extracts fMawson, 1935]. • 

The facts presented in this note cannot be taken as evidence that the i.f. 
in brain tissue is entirely ascorbic acid. Nevertheless the chemical evidence is 
such that there is no reason to believe that an indophenol-reducing factor other 
than ascorbic acid exists in brain tissue. 

Summaby. 

1. The properties of the indophenol-reducing substance in crude brain 
extracts differ in certain respects from those of pure ascorbic acid. 

2. If pure ascorbic acid is added to an “inactivated” crude brain extract 
the properties of the resulting solution resemble those of the crude brain extract. 

3. There is therefore no reason to believe that the indophenol-reducing 
substance in crude brain extracts is other than ascorbic acid. 

I wish to express my thanks to Dr R. D. Heard, of the University of Toronto, 
who carried out a number of the biological tests and to Dr R. J. Macwalter, 
who determined the absorption spectra. 
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CCLXV. REACTIONS OF PYRUVIC ACID WITH 
THIOLACETIC ACID AND CYSTEINE. 
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(Received 27 July 1936.) 

Baumann [1885,2] observed that the action of ethyl-, phenyl - and p-bromophenyl- 
mercaptans on pyruvic acid led to the exothermic formation of substances which 
could be recrystallized from benzene and possessed well-defined melting-points. 
Though stable in the solid state and in benzene solution, these compounds were 
rapidly broken down to their original constituents when dissolved in water, and 
were regarded by Baumann as having the general structure RS.C(OH)(CH 8 ). 
COOH. When treated with dry HC1 the thiophenylpyruvic acid passes into the 
mercaptol (RS) 2 C(CH 8 ).COOH. The mcrcaptals and mercaptols [Baumann, 
1885,1,2] have been extensively studied both by Baumann and his school and by 
other investigators, but the unstable ‘ ‘ hemimercaptals'’ and “hemimercaptols ” 
were little investigated until the recent work of Schonberg & Schutz [1927], 
Levi [1932] and Schubert [1935; 1936] appeared. Their work is of interest both 
from the point of view of the chemistry of the formation of mercaptals [Fromm, 
1889; Levi, 1932] on which the present paper and recent work [GirSaviWus & 
Heyfetz, 1935; 1936, 1] throw some light, and also from a biological aspect. 
Lohmann’s [1932] well-known discovery that the transformation of methyl- 
glyoxal into lactic acid by glyoxalase requires the presence of reduced glu¬ 
tathione as a necessary and specific co-enzyme, together with the observations of 
Kiihnau [1931], of Lohmann [1932] and of Jowett & Quastel [1933], that gluta¬ 
thione reacts in aqueous solution with methylglyoxal to form a fairly unstable 
compound, have led to the hypothesis [Jowett & Quastel, 1933] that a hemi- 
mercaptal-like compound of methylglyoxal with glutathione forms a necessary 
intermediate stage in the enzymic reaction. Further evidence for this view has 
been advanced by Platt & Schroeder [1934] and by GirSaviCius & Heyfetz [1936, 
2]. Possibly the biological significance of reactions of this type may extend beyond 
their participation in glyoxalase action [see Kiihnau, 1931; Bersin, 1935]. 

Tn the following experiments the compounds formed between pyruvic acid 
on the one hand and thiolacetic acid [Baumann, 1885, 2; Bongartz, 1886] or 
cysteine on the other have been investigated more closely, the process of their 
formation and its reversal being studied. 

Reversible combination of pyruvic with thiolacetic acid. 

Thiolacetic acid (2-12 g.) and pyruvic acid (2*03 g.) in substance were mixed; 
the mixture became hot, then set to a mass of white crystals mixed with a good 
deal of viscous liquid. After cooling, the product was stirred up with ether and 
filtered through a sintered glass funnel. Yield: 2-63g. (64%) of crystalline 
substance. The ether washings (20 ml.) gave on evaporation a small additional 
crop. Ice cooling during the reaction did not appreciably alter the yield. 

1 The work described in this paper was carried out in 1933, while both anthers were working 
at the Cambridge Laboratory. 
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The following investigation of the crystalline compound shows that it is made 
up of the two reactants in equimolecular amounts and that it is exceedingly labile 
in aqueous solution. 

Titration of —SH group. 61 mg. of the compound were dissolved in 5 ml. of 
ice-cold water and immediately titrated with 0-0996 N iodine to the first stable 
yellow tint. Iodine uptake was as rapid as speed of titration permitted. 3-50 ml. 
were required. Calculated for complete oxidation of the thiol group: 3-40 ml. 
[cf. Lucas & King, 1932]. 

Titration of —CO group. 59 mg. titrated according to Cook & Clift [1932]. 
Found: 6-58 ml. iodine. Calculated: 6-58 ml. 

Isolation of components. (1) 5-647 g. of the addit ion product were dissolved in 
30 ml. of water and 5g. of NaHS0 3 added. The solution was repeatedly ex¬ 
tracted with ether and the combined ethereal extracts dried over Na^SO^, 
evaporation of the ether left 2*95g. of oily substance (102 % of original thiolacetic 
acid). Vacuum distillation (102-112710-16 mm.) gave 2*04 g. (70%) of thiol¬ 
acetic acid, identified iodimetrically and acidimetrically. (2) 0*4975 g. of the 
compound in 10 ml. of water was treated with 50 ml. of 2 N HC1, containing 
0-8 g. of 2 :4-dinitrophenylhydrazine. The precipitate was twice purified by 
dissolving in M Na 2 C0 3 and reprecipitating by acidification. Yield: 0-752 g., 
corresponding to 94-1% of the theoretical amount of pyruvic acid dinitro- 
phenylhydrazone. Tn another experiment 91-6% was obtained. 

Considering the losses involved in the isolation methods, these results, to¬ 
gether with the above described titrations, demonstrate the easy dissociation in 
aqueous solution of the addition compound. No conclusion can however be 
drawn from these experiments as to whether the compound is actually incapable 
of existing in aqueous solution, or whether it attains an equilibrium, dissociating 
more or less according to the dilution and the extent to which one or other com¬ 
ponent is removed. 


Reaction of pyruvic acid with cysteine. 

Titration methods were incapable of telling us anything about the state of 
the pyruvic-thiolacetic compound in aqueous solution, or even whether any 
reaction takes place, when the components are mixed in solution. The lower 
reactivity of the products obtained by the interaction of pyruvic acid with 
cysteine permits a more profitable application of iodine titration. We attempted 
also to obtain a clearer picture by a parallel study of the changes in rotatory 
power undergone by natural /-cysteine in presence of pyruvic acid. 

The readings were taken with Hg green (A = 5461 A.) in a 2 dm. tube. The 
times were measured with a stopwatch and alternate readings were taken ap¬ 
proaching from the right and from the left. 

Fig. 1 shows the course of change of rotation of 0-2 M cysteine in aqueous 
solution in presence of 0-2,0-4 and 0-6 M pyruvic acid. The solutions were always 
kept long enough for the rotation to reach a final value (several days). These end- 
values were: for 0-2 M pyruvic acid —5-32°, for 0-4 M —7-2°, and for 0-6 M 
— 7*44°. The experiments were carried out at 26-27°. 

Fig. 2 shows a number of curves obtained with cysteine and pyruvic acid in 
alcoholic solution (in view of the possible dissociating effect of water), at 37° 
±0-1° in a jacketed polarimeter tube. The cysteine concentration was again 
0-2 M and those of pyruvic acid 0-2 and 0*4 M. The end-values, after several 
days in a thermostat at 37°, were: 0-2 M pyruvic acid —7*52°, 0*4 M — 9-56°, 
An inspection of both sets of curves shows that they have their origin at some 
point corresponding to a weak negative rotation, which, as far as can be judged, is 
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the more marked, the higher the pyruvic acid concentration. Since cysteine itself 
is weakly dextrorotatory (arrow in Fig. 1 shows the rotation of 0*2 M cysteine 
alone), we are clearly dealing with two successive effects: a practically in¬ 
stantaneous shift of rotation (of about 1° with our concentrations) with reversal 
of sign, succeeded by the gradual development of a strong laevorotation. 



In view of the complexity of these reactions, of the initial shift of rotation 
which seems to imply a rapid first stage 1 and the variable end-point which seems 
to indicate the attainment of an equilibrium, it is not surprising that the reaction 
courses observed fail to fit the ordinary equations. With equimolecular concen¬ 
trations of pyruvic acid and cysteine the bimolecular reaction constants increase 
with time; the unimolecular constant is reasonably uniform in the experiment 
in water, but rapidly falls in the alcoholic solution. In all the other experiments 
the bimolecular constant falls with time, the unimolecular constant of course 
even more so. 

Some colour reactions. 

An attempt to obtain some of the typical —SH reactions in presence of 
pyruvic acid provided additional evidence of a combination involving the 
sulphydryl group of the cysteine. 

FeCls . Added to an alkaline solution of cysteine, FeCl 3 gives a purple colour, 
which fades on standing, but reappears on admitting oxygen [Harris, 1922; 
Michaelis & Barron, 1929]. To an alkaline (ammonia) mixture of 1 ml. Jf/4 
cysteine+2 ml. M /4 Na pyruvate was added 0*1 ml. if/100 Fed,. The purple 
colour faded more rapidly than in absence of pyruvic acid and reappeared less 
strongly on shaking; after repeating several times the cycle of reduction and re¬ 
oxidation the colour fails to reappear again. In absence of pyruvic acid the pro¬ 
cess can be repeated almost indefinitely. If the cysteine and pyruvic acid are 
allowed to stand a short while before adding FeCl 3 the colour reaction is faint and 
rapidly vanishes irreversibly. 

1 Unpublished observations by one of us with P. A. Heyfetz have demonstrated a similar 
phenomenon in 'die reaction of OSH With methylglyoxal (iodimetric titration). 
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Nitroprusside. In ammoniacal solution cysteine gives immediately the well- 
known purple colour; this slowly fades to a brownish yellow. Pyruvic acid, under 
the same conditions, gives a slowly developing blue colour. On adding nitro- 
prusside to an ammoniacal solution of cysteine and pyruvic acid (in excess) a 
transient purple colour is observed, followed by the development of the blue 
pyruvic acid colour. Between the two a colourless interval is sometimes noticed, 
showing that the colour due to cysteine has actually vanished and is not merely 
covered by the deeper colour due to excess pyruvic acid. 

Methylene blue reduction. The reduction of methylene blue by cysteine in 
alkaline solution is inhibited by pyruvic acid, though not very strongly (Thunberg 
tube). 

Titration experiments. 

Absolute alcoholic solutions of cysteine hydrochloride (0*19 M) and of 
pyruvic acid (2Jx 0*19 = 0*475 M), or mixtures of the two solutions were added 
by means of 0*5 or 1 ml. Ostwald pipettes to ice-cold 1-2 N HCl containing 1 ml. 
of 0*1014 N iodine and one drop of starch solution. The excess iodine was 
titrated with 0*1001 N Na 2 S 2 0 3 from a microburette allowing an accuracy of 
0*001 ml. 

(1) 3 ml. of 1*3 N HCl + 0*5 ml. cysteine solution+ 0*2 ml. pyruvic acid 
solution were mixed ice-cold. The mixture was kept in ice for various periods 
before adding iodine and (as rapidly as possible) titrating. As in all further ex¬ 
periments, the iodine consumption is given in terms of 0*1 X iodine. Cysteine 
alone (no pyruvic acid): 0*958, 0*955ml.; with pyruvic acid: after 2 min. 
0*907 ml., after 10 min. 0*881 ml., after 15 min. 0*789 ml. 

(2) 15 ml. of the cysteine solution + 6 ml. of the pyruvic acid solution (that is, 
an absolute alcoholic solution, 0*130 M in each of these substances) were kept 
for 4 days. 0*5 ml. samples were added to a mixture of 1 ml. 2 N HCl 4-1 ml. 



Fig. 3. 


0*1 N iodine, cooled in a freezing mixture to —5° to —6°; on adding the alcoholic 
solution the temperature rose to about 0°. The titration vessel containing the 
mixture (a short wide tube with a tapered bottom) was transferred to a beaker 
containing ice in dilute brine, so that its temperature up to and during the 
titration was kept at -2° to 0°. At the moment of adding the cysteine-pyruvic 
acid mixture to the iodine a stopwatch was started, which was stopped at the 
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end of the titration. The titration was started after the iodine had been acting 
for various periods. Fig. 3 shows the course of iodine uptake up to 8 min. The 
contrast with the experiments with thiolacetic acid, where the whole of the 
iodine corresponding to the —SH introduced is immediately consumed, is striking. 

It is not clear from these results whether the gradual uptake of iodine is 
entirely due to its action on the compound, or whether a certain amount of 
dissociation takes place spontaneously when the alcoholic mixture is added to 
water-f HC1. The following experiment was designed to answer this question. 
0-5 ml. of the alcoholic mixture of pyruvic acid and cysteine was added to 1 ml. 
HCl-f 1 ml. iodine, as above, or else only to HC1, the iodine being added some 
time later. The total times up to the end of the titration, were kept as nearly as 
possible alike. 

Iodine uptake 
ml. 

Iodine at once. Titration finished in 2 min. 12 sec. 0-082 

Iodine at once. Titration finished in 8 min. 14 sec. 0*213 

Iodine added after 6£ min. Total time 8 min. 15 sec*. 0*097 

In the following experiment the alcoholic solution was added to 4 ml. 
2 N HC1 + 3 ml. of water; iodine present or added later. 

Iodine uptake 
ml. 

Iodine at once. Titration finished after 7 min. 0-476 

Iodine after min. Total time 7 min. 4 sec. 0173 

Little, if any, sulphydryl is free in the aqueous HC1 solution in absence of 
iodine. This accords well with the polarimotric observations, which showed that 
the reaction follows much the same course in water and in alcohol. (It must be 
noted, that on adding the alcohol mixture to the dilute HC1 not only does a 
change in the nature of the medium take place, but also a considerable change in 
volume). Judging from the second series of figures higher dilution increases the 
effect of the iodine and perhaps has itself a certain dissociating effect. 

Conclusions. 

GirSavi&us & Heyfetz [1935] have recently studied in some detail the 
reaction between glutathione and methylglyoxal in aqueous solution. Two 
main conclusions were reached: (a) a true equilibrium is established between the 
free components and the reaction product; (6) the reaction rates in both directions 
depend on the jpH, being slow in strongly acid solution and extremely rapid as 
the solution approaches neutrality (compare GirSavi&us & Heyfetz [1936, 1] 
where this observation is elaborated). The results described in the present paper 
fit in with the view that here too reactions of the same kind as that between 
glutathione and methylglyoxal may take place, and that such differences as are 
found, for instance between cysteine and thiolacetic acid, are expressions of dif¬ 
ferent reaction rates and equilibrium constants. Baumann [1885,1,2], in investi¬ 
gating the products of spontaneous reaction between pyruvic acid and various 
mercaptans, already mentioned the differences in their properties, including their 
stability. Great differences in the reactivity (reaction rates) of the —SH group, in 
accordance with the structure of the molecule of which it forms a part, are also 
mentioned by Michaelis & Schubert [1934], It must be admitted, however, that 
the great difference in behaviour shown by the compounds of pyruvic acid with 
thiolacetic acid on the one hand and with cysteine on the other suggests the 
possibility of a different type of bond. Schubert [1935] has shown that with 
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cysteine and with thiocarbamide 1 ) methylglyoxal forms not addition, but cyclic 
condensation compounds, apparently involving the nitrogen as well as the 
sulphur. Recently [1936] he has extended this observation to the compounds of 
cysteine with certain aldehydes. It is true that Schubert claims [1936] that the 
compound of cysteine with pyruvic acid is an addition, not a condensation com¬ 
pound ; but the reaction he describes proceeded only for one day at about 0° and 
may, perhaps, not have been complete. At any rate we consider that the nature 
of the compound finally formed between pyruvic acid arid cysteine, a compound 
fairly stable to iodine and endowed with strong laevorotation, still remains to be 
settled. 

Summary. 

Reactions taking place in the systems pyruvic acid 4- thiolaeetie acid and 
pyruvic acid + cysteine were investigated. Pyruvic acid in substance combines 
exothermically with pure thiolaeetie acid to form a white crystalline compound. 
Dissolved in water this behaves like a mixture of free pyruvic acid and free 
thiolaeetie acid, both in its reactions with iodine or bisulphite and in the 
possibility of isolating the original components from the aqueous solution. Cys¬ 
teine in aqueous or alcoholic solution reacts slowly with pyruvic acid, as shown 
polarimetrieally and by iodimetric titration. The compound is reasonably stable, 
as judged from its behaviour towards iodine and some' colour reagents. A 
hypothesis is outlined which connects these reactions with the recently investi¬ 
gated reaction of glutathione with methylglyoxal, and some alternative explana¬ 
tions of the reaction of pyruvic acid with cysteine are discussed. 

1 The condensation compound of methylglyoxal with thiocarbamide seems to have been first 
obtained by Sjollema & Kam |1916], 
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It has been shown in a previous publication [1932] that certain lactic acid bac¬ 
teria which by themselves form optically active lactic acid produce inactive (dl) 
lactic acid when grown in association with the acetone butyl alcohol organism 
Cl. acetobutylicum. This was thought to be due to an associative modification of 
the metabolism of the lactic acid bacteria, causing them to produce both forms of 
lactic acid rather than the one form produced normally. It was stated that the 
formation of inactive lactic acid took pla ce in association with Cl. acetobutylicum 
but not with the closely related organism Cl. butylicum. 

Further investigation has shown that Cl. butylicum when grown together with 
lactic acid bacteria does lead to the production of inactive lactic acid. It has 
further been found that the racemization is caused by the butyric organisms 
themselves, rather than by their effect on the lactic acid bacteria. Finally, it has 
been shown that the racemization of optically active lactic acid by Cl. aceto¬ 
butylicum and Cl. butylicum is enzymic in character. 

Experimental. 

Cultures and media. Pure cultures of the following organisms were used: 
Strep, lactis, R.; Lactobacillus delbriicJcii , 3: Cl. acetobutylicum, S.; and Cl. butyli¬ 
cum, 21 (Cl. sp. 21 in previous report). A 3 % glucose, 3 % malt sprouts medium 
containing an excess of calcium carbonate was used for associated growth of the 
lactic cultures and the butyric organisms and for some of the enzyme work, but 
a medium containing 0-5 % glucose and 0*5 % “tryptone ” was also used in the 
latter experiments. 

Analytical methods . Volatile and non-volatile acids were determined by 
steam-distillation and extraction with ether respectively, as described in a 
previous publication [Pederson et ad. 1926]. The form of lactic acid recovered was 
determined as in the previous report and was based on the percentage of water 
of crystallization and the specific rotation of the zinc salts. 

In every case the zinc salts were crystallized from 60 % alcohol to ensure as 
nearly complete recovery as possible. Over 90 % of the lactic acid in each sample 
was recovered as the salt. In this way truly representative samples for deter¬ 
mination of water of crystallization and specific rotation were assured. 

Effect of association of lactic acid bacteria and 01. butylicum 
on the form of acid produced . 

It was reported in the previous paper that Cl. butylicum had no effect on the 
form of acid produced in association with lactic cultures. ThiB work haB been 

1 This work was supported in part by a grant from the Special Research Fund cf the Graduate 
School. 
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repeated. The results in Table I show that the associated growth of Cl. butylicum 
with either Strep, lactis, R. or L. delbruckii , 3, caused the production of inactive 
lactic acid. The acid formed by the lactic acid bacteria alone was dextro¬ 
rotatory. The previous negative results were probably due to the failure of 


Table I. Effect of association with Clostridium butylicum on the form of 
lactic acid produced by bacteria. 


Organism 
Strep, lactis 

Strep, lactis and Cl. butylicum 
Strep, lactis and Cl. butylicum 
L. delbruckii 

L. delbruckii and Cl. butylicum 
L. delbriickii and Cl. butylicum 
L. delbriickii and (l. butylicum 


Water of crystalli¬ 
zation of zinc salt 
of lactic acid 
% 

11*3 

17- 2 

18- 2 
129 
181 
18-2 
1819 


Form of lactic 
acid produced 

Dextro 

Inactive 

Inactive 

Dextro 

Inactive 

Inactive 

Inactive 


CL butylicum to grow appreciably, as indicated by the low volatile acid pro¬ 
duction. Because of the sensitivity of this organism to acid it is difficult to 
establish a balance between the two cultures in a fermentation. These results 
indicate that Cl. butylicum has the same racemizing effect in associated growth on 
the form of lactic acid as does Cl. acelobutylicum. This would be expected from 
their close relationship. 


Racemization of d-lactic acid by fermentation . 

In the previous paper f1932] it was suggested that the associated organism 
caused the lactic culture to produce both forms of lactic acid rather than only 
one as it did normally. An alternative explanation which was not considered 
at that time is that the lactic acid as formed is active but that the associated 
organism, Cl. acetobutylicum , brings about the racemization. 

The validity of the latter hypothesis was tested by growing the butyric acid 
bacteria in a medium containing glucose (3%), malt sprouts (3%), calcium 
carbonate and the calcium salt of d-Iactic acid. After several days' incuba¬ 
tion the fermentations were stopped and the unfermented lactic acid was 
recovered and the form determined. Table II gives the results. In 2 days 


Table II. Racemization of d-lactic acid * by fermentation . 


300 ml. medium: 3% glucose, 3% malt-sprouts, CaC0 8 . 


Water of 
crystalliza¬ 
tion of zinc 



Period of Volatile 

Lactic acid 

salt of 


fermen¬ 

acid as 

recovered 

recovered 


tation 

acetic 

-- 

- N 

lactic acid 

Organism 

days 

g* 

g* 

% 

% 

None 

Sterile 

— 

516 

100 

12*9 

Cl. acetobutylicum 

2 

1-97 

4-54 

88 

14*7 

Cl. acetobutylicum 

3 

2-98 

2-78 

54 

18-6 

Cl. butylicum 

2 

117 

2-68 

52 

17-0 

Cl. butylicum 

3 

1-53 

2-25 

44 

181 

* Lactic acid added as calcium salt. 

t Specific rotation = 


Form of lactic 
acid recovered 

Dextrot 
Mainly dextro 
Inactive 
Mainly inactive 
Inactive 

-7*9°. 


CL acetobutylicum destroyed only 12 % of the lactic acid and had only a slight 
racemizing effect. After 3 days, however, more volatile acid was produced, and 
54 % of the lactic acid was recovered. It was entirely inactive. Cl. butylicum had 
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a similar effect. In 2 days 52 % of the lactic acid was recovered. It was mainly 
inactive. Only 44 % was recovered after 3 days and it was completely racemized. 
These results indicated definitely that the formation of inactive lactic acid in 
association was due to the direct action of the associated cultures on the active 
lactic acid produced by the lactic acid bacteria. 

Enzymic racemization of lactic acid . 

It seemed possible that the racemization of lactic acid by the butyric acid 
bacteria might be due to enzymic activity. Therefore, instead of fermenting 
calcium lactate directly, the cultures were grown for 24 hours and active lactic 
acid was then added as a solution of the calcium salts. Toluene and chloroform 
were added at the same time. The mixtures were incubated for 3 days at 37°. 

Table III. Enzymic racemization of active lactic acid . 

Recovered zinc lactate 

f - Jy -N 

Water of 
crystalli¬ 
zation Form of 
% acid 

18-2 Inactive 

Culture, CL butylicum : 


300 (M) 

Antiseptics 

Dextro 

516 

4-54 

88-0 

18-2 

Inactive 

300 (M) 

Antiseptics 

Dextro 

516 

4-86 

94-2 

17-3 

Inactive 

75 (T) 

Antiseptics 

Laevo 

0-82 

0-74 

90-5 

181 

Inactive 

75 (T) 

Antiseptics 
Heated, 68° 
antiseptics 

Laevo 

0-82 

0-68 

82-4 

17-8 

Inactive 

300(H) 

Dextro 

5-40 

5*18 

930 

131 

Dextro 

300 (M) 

Heated, 87° 
antiseptics 

Dextro 

5-40 

4*80 

890 

12-9 

Dextrot 


* (M)—malt-sprouts, 3%; glucose, 3%. (T) = “tryptone”, 0*5%; glucose, 0*5%. 
t Specific rotation of zinc salt, - 6*8°. 

The results in Table III show that from 82 to 100 % of the added lactic acid was 
recovered and that in every case it had been completely racemized. Both cultures 
were effective and both d- and Z-lactic acids were changed to the inactive form. 
Cultures of Cl. butylicum failed to bring about the change after they had been 
heated to 68 or 87°. 

Racemization by components of racemizing enzyme system . 

In order to determine something about the nature of the enzymes responsible 
for racemization of active lactic acid, CL butylicum was grown in 0-5 % glucose, 
0*5 % k 1 tryptone ” medium. After 24 hours’ incubation the cells were removed by 
centrifuging, This treatment threw out most of the cells. The cell-free medium 
and the cells were separately made up to the original volume of the culture with 
distilled water. Active lactic acid (calcium salt), toluene and chloroform were 
added to samples of the cell suspension, the cell-free medium and a mixture of 
the two. Sufficient distilled water was added to the samples containing only the 
cell suspension or the cell-free medium to make the final concentration of each 
component one-half that in the original culture before centrifuging. After 3 days* 
incubation at 37° the lactic acid was recovered and the form determined. The 
results are given in Table IV. Neither the cell suspension nor the cell-free medium 
alone had any effect on the form of lactic acid, A combination bf the two, 
however, was effective, since the recovered lactic acid was inactive. Both d- and 
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Table IV. Enzymic racemization of lactic acid by cells and medium 


o/Cl. butylicum. _ 

Recovered zmc salt 

Lactic acid t - K -* 



_ 

— 


_ 

Water of 

Specific 



Added 


Recovered 

crystalli¬ 

rotation 



A 

t 11 

- ^ 

r - 

"**-V 

zation 

H'f 

Form of 

Agent 

Form 

g- 

g* 

Of 

/o 

Of 

/O 

“C. 

acid 

Cells 

Dextro 

2*7 

2*4 

89 

13*3 

— 

Dextro 

Cells 

Dextro 

2*7 

2*3 

85 

13*2 

- 6*8 

Dextro 

Medium 

Dextro 

2*7 

2*7 

100 

13*2 

- 7*0 

Dextro 

Medium 

Dextro 

2*7 

2*5 

92 

13-0 

- 6-5 

Dextro 

Cells and 

Dextro 

2*7 

2*6 

97 

17*0 

— 

Inactive 

medium 








Cells and 

Dextro 

2*7 

2*7 

100 

181 

— 

inactive 

medium 








Cells 

Laevo 

0*82 

0*70 

85 

13-1 

+ 7*8 

Laevo 

Medium 

I^aevo 

0*82 

0*69 

84 

13*4 

+ 7*0 

Laevo 

Cells and 

Laevo 

0*82 

0*71 

86 

17*8 

— 

Inactive 


medium 

/-lactic adds were racemized by the combined cells and medium. This indicates 
that at least two factors are concerned in the racemization. One seems to be 
extracellular and the other intracellular. 


Heat-stability of components of racemizing enzyme system. 

The separation into two components of the enzyme system responsible* for 
racemization of active lactic acid suggested that the system might be similar to 
an enzyine-coenzyme system. Since many coenzymes are heat-stable, the heat- 
stability of the component cell and cell-free medium fractions was investigated. 
The fractions were prepared as detailed before, and portions of each preparation 
were heated for 10 min. at 87°. Combinations of heated medium with indicated 
cells, and of heated cells w ith unheated medium were tested for their racemizing 
actions on /-lactic acid (Table V). The activity of the cell-free medium fraction 


Table V. Heat-stability of components of racemizing enzyme system of 

Cl. butylicum. 


Recovered zinc lactate* 


Components and 
heat treatments 

Heated medium and 
unheated cells 
Heated medium and 
unheated cells 
Unheated medium and 
heated cells 
Unheated medium and 
heated cells 



Lactic acid 


r 

A 

( 

A 

— v 

Water of 


Laevo-acid 

Recovered 

crystalli¬ 


added 

A 

f 

—\ 

zation 

Form 

g* 

g* 

% 

O' 

/O 

of acid 

0*82 

0*80 

98 

13*1 

Laevo* 

0*82 

0*72 

88 

13*4 

Laevo 

0*82 

0*80 

98 

16*6t 

Mixture, laevo 





and inactive 

0*82 

0*74 

90 

18*0 

Inactive 


♦ Specific rotation of zinc salt, + 7*3°. 

t Sample fractionally recrystallized: first crop: H s 0, 18*2%; last crop: H*0, 13*4%; specific 
rotation, +7*8°. 


was destroyed by the heat treatment. However, the active component in the 
cell suspension fraction seemed to be heat-stable. The zinc salt from one sample 
of recovered lactic acid had a water of crystallization content of 16-6 % indi¬ 
cating a mixture of active and inactive acids. The sample was fractionally 
recrystallized. The first crop of salt was the pure inactive form, and the last 
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crop was pure active salt. Another sample of recovered lactic acid had been 
completely racemized. By analogy with other enzyme systems, this racemizing 
enzyme system seems to be composed of an extracellular heat-labile enzyme and 
an intracellular heat-stable co-enzyme. 

Discussion. 

The racemization of active lactic acid by enzyme systems of Cl. acetobutylicum 
and Cl. butylicum seems to explain fully the results obtained in the previous 
paper. During that work an attempt was made to separate the two associated 
organisms by a viscose membrane. No change in the form of acid was observed. 
A racemizing enzyme produced by Cl. acetobtUylicum should have been in¬ 
capable of penetrating such a membrane, and any lactic acid which diffused 
through the membrane into contact with the enzyme would probably have been 
completely fermented. The production of active lactic acid in a sterilized Cl. 
acetobutylicum culture on inoculation with a lactic culture was due to the 
destruction of the racemizing enzyme by heat. 

The work of Hammer [1920] with cheese starters suggests that other 
organisms may cause the production of inactive acid in association with Strep. 
Iacti8. It seems possible that the general production of inactive lactic acid in 
starters and in commercial lactic acid fermentations may be due primarily to 
the racemizing activities of contaminating organisms, which may or may not 
themselves produce lactic acid. If such were the case, the racemization might be 
a function of the enzyme concentration and activity rather than of the numbers 
of contaminating organisms. The growth of the contaminants and the elabora¬ 
tion of the enzymes would not necessarily lower the yield of lactic acid 
materially. 

Pasteur in his classical work on optical activity found that micro-organisms 
such as moulds were capable of producing active lactic acid from the inactive 
form by selective fermentation of one enantiomorph. This does not involve any 
actual change in the configuration of the asymmetric molecules. In contrast, the 
results in this paper show that some bacteria can change optically active lactic 
acid quantitatively into the inactive form. This racemization necessitates a 
reversal of the configuration of the asymmetric molecules. This enzymic Walden 
inversion proceeds until the two enantiomorphs are in equilibrium. The resulting 
lactic acid consists of a mixture of both forms present in equal quantities. The 
enzymic attainment of such a state of equilibrium between the two optical 
isomerides would explain the complete racemization of either the dextro- or 
the laevo-rotatory form of lactic acid. 

SUMMABY. 

Inactive lactic acid was formed in associated growth of Strep, lactis or 
L. delbriickii with the butyric acid organisms Cl. acetobutylicum or Cl. butylicum . 

The production of inactive acid in associated growth is probably due to the 
racemizing effect of the butyric organisms on the lactic acid after it has been 
formed by the lactic acid bacteria. In the absence of the lactic acid bacteria both 
Cl. acetobutylicum and Cl. butylicum partially fermented active lactic acid and 
changed the remainder to inactive acid. 

The racemization seems to be brought about by an enzyme system elaborated 
by Cl. acetobutylicum and Cl. butylicum since cultures of these organisms 
changed either d- or Waotic acid quantitatively into eK-acid in the presence of 
antiseptics. 
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There seem to be at least two components of this racemizing enzyme system, 
one extracellular and the other intracellular. Neither cell suspensions nor cell- 
free media of Cl. butylicum were able to racemize active lactic acid, but the two 
components were effective in combination. 

The extracellular component was found to be heat-labile (87°, 10 min.) and 
the intracellular fraction was stable to this heat treatment. 
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In a previous paper [Wood et al. 1936] it was shown that for growth and fer¬ 
mentation the propionic acid bacteria require an ether-extractable acid found 
in aqueous extracts of yeast, potatoes and liver and in com steep water. This 
stimulant was found to be essential for growth on a synthetic medium con¬ 
taining ammonium sulphate as the source of nitrogen. Although fairly good 
growth was obtained with this combination, continued transfer gave incon¬ 
sistent results. The organisms generally failed to grow after the 3rd or 4th 
transfer. However, the addition of amino-acids in the form of hydrolysed 
caseinogen greatly increased cell growth and fermentation and made repeated 
transfer possible with consistent results. 

In the present investigation a second growth factor for the propionic acid 
bacteria has been found which stimulates growth particularly in the presence of 
amino-acids. This paper deals with the sources, preparation and properties of 
this accessory factor, which has been found to be identical with vitamin Bj. 

Experimental. 

Cultures. Pure cultures of six strains of propionic acid bacteria were used in 
this study. These were selected from those studied by Hitchner [1934] and on 
the basis of his classification are representative cultures. The following were 
used: Propionibacterium, pentosaceum 11; P. freudenreichii 33; P. jensenii 64; 
P. zeae 66; P. pentosaceum 57; and P. arabinosum 61. All cultures were carried 
on Difco yeast extract medium and were transferred at least twice on ammonium 
sulphate medium before inoculating in order to deplete the inoculum of any 
growth factors contained in the original medium. P. pentosaceum 11 was used as 
a test organism for most of the investigations, as in previous work, but the 
findings were checked against the other cultures. 

Medium and analytical methods. The supplemented synthetic medium de¬ 
veloped in the previous work [Wood et al. 1936] was used throughout this 
investigation. This has the following composition: glucose 1 %; sodium acetate, 
0-6%; ammonium sulphate, 0*3%; inorganic salts; ether extract of 3 g. yeast 
extract per 100 ml. Fermentation was followed by direct titration of the acid 
produced. 

1 This work was supported in part by a grant from the Special Research Fund of the Graduate 
School. 

1 National Research Fellow in the Biological Sciences. 
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Effect of 'protein hydrolysates on fermentation. It has been shown in the 
previous paper that the basal medium with the addition of hydrolysed caseinogen 
gave a fermentation practically equivalent to crude yeast extract medium. As 
this was thought to be due to the amino-acids added, it seemed that two factors 
were necessary for good growth; viz. the ether-soluble acidic factor and some 
necessary or beneficial amino-acids. However, when the amount of hydrolysed 
caseinogen which was necessary for maximum fermentation was compared with 
the amount of crude yeast extract required, it was apparent that the yeast was 
much more potent. Furthermore, the optimum concentration of hydrolysed 
caseinogen was greatly in excess of the probable amino-acid requirements, judged 
by the amounts needed by other bacteria [Fildes & Richardson, 1935; Mueller, 
1935]. Two explanations of this seemed possible; yeast extract may contain some 
particularly beneficial amino-acids which are present in caseinogen in only small 
amounts, or yeast extract may contain an active ether-insoluble factor other 
than amino-acids which is present in small amounts in caseinogen hydrolysate. 

If amino-acids were concerned, it seemed probable that hydrolysates of 
proteins other than caseinogen might have very different effects owing to their 
differences in amino-acid content. Therefore sulphuric acid hydrolysates of 
gelatin, egg albumin and a sample of purified caseinogen (reprecipitated and 
washed until vitamin-free) were prepared according to standard procedures. 
These were added to the basal medium and their activities compared with that 
of the crude caseinogen hydrolysate'. A sample of crude yeast extract was also 
hydrolysed in the same way and tested. The results (Fig. 1) show that one of the 

ml. 0* I /V ami formed 
per 10(1 nil mnliuni 



Fig. 1. Effect of hydrolysed materials on acid production. 

Fig. 2. Stimulating effect of alcohol extracts of crude caseinogen and egg albumin 

on acid production. 

-0*46% hydrolysed purified caseinogen+0*3 % (NH 4 )j,S 0 4 .-0*3% (NH 4 ) a S0 4 . 

hydrolysed egg albumins (sample 1) and hydrolysed yeast extract were much 
more effective than the crude caseinogen hydrolysate. Gelatin was almost as 
effective as the caseinogen. However, purified caseinogen was much inferior to 
the crude caseinogen, and a second sample of egg albumin (Merck) was still less 
Biochem. 1936 xxx 122 
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effective. These results indicated that some factor other than amino-acids was 
primarily responsible for the superiority of yeast extract. In the first place 
there was no correlation between the known amino-acid contents of the different 
proteins and their observed activities; and in the second place there should have 
been no variation in the amino-acid composition of the two samples of caseinogen 
and the two egg albumin samples. It seemed probable that some factor in the 
hj 7 drolysed proteins which was not a constituent of the protein molecule was 
primarily responsible for their activity. It has been found that 95 % alcohol and 
85% acetone extracts of crude yeast extract contain all the factors necessary 
for vigorous growth and fermentation. Therefore extracts of unhydrolysed crude 
caseinogen and egg albumin (impaipably powdered, Mallinckrodt) were made by 
continuous extraction with 95 % alcohol. The solvents were removed and aqueous 
solutions of these extracts were added in varying concentrations to the basal 
synthetic medium with and without hydrolysed purified caseinogen. The results 
(Fig. 2) show that these extracts contained some factor which was only slightly 
stimulating in the basal ammonium sulphate medium, but which had a very 
decided effect in the presence of hydrolysed purified caseinogen. 

These results indicated quite conclusively that the stimulating factor was 
neither an amino-acid nor a constituent of the protein molecule, although its 
activity seemed to be associated with the utilization of amino-acids. It seemed 
possible that the original materials from which the proteins were derived might 
be better sources of the factor than the crude proteins. Therefore milk powder 
and dried egg white were extracted with alcohol and acetone. The extractions 
were carried out by covering the materials with the solvent, allowing to remain 
for 1 or 2 days with frequent shaking, and 
finally filtering off the insoluble residues. 

The solvents were removed and aqueous 
solutions of the extracted material were 
tested by adding them to the basal 
medium in the presence of hydrolysed 
purified caseinogen. It was found that 
the extracts of egg white were fairly 
active, whilst the milk powder extracts 
were even more active than the con¬ 
tinuous alcohol extract of caseinogen. 

These extracts were just as potent in a 
basal medium containing 0* 15% of hydro¬ 
lysed purified caseinogen as in one con¬ 
taining 0*45%. The data in Fig. 3 show 
the effects of the three most active ex¬ 
tracts on the production of acid in the 
presence of 0-15% hydrolysed purified 
caseinogen. The maximum stimulation was reached with a very low concen¬ 
tration of these extracts. The units chosen were those amounts which produced 
maximum stimulation when added to 100 ml. of medium containing hydrolysed 
purified caseinogen. The dry weights of the various extracts were as follows: 



by addrd pxlraw 


Fig. 3. Stimulating effects of extracts of milk 
powder and crude caseinogen on acid pro¬ 
duction. 


Extract 

Aleohol extract of caseinogen 
Alcohol extract of milk powder 
Acetone extract of milk powder 


Weight of 
one unit 


y 


555 

15 


Weight of original 
material represented 
by one unit of extract 
mg. 



15 
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It should be pointed out that recovery of the factor from the milk powder 
was probably much lower than from easeinogen, since the latter was extracted 
continuously whilst the milk powder was merely shaken with the solvents. Milk 
powder seemed to be the richest and best source of the stimulant, and the 
acetone extract was by far the most active per unit of dry weight. 

Maximum stimulation in 100 ml. of medium was obtained with 0*9 mg. of 
alcohol extract of easeinogen (the extract of only 01 g of crude easeinogen) in 
the presence of only 0-15 g. hydrolysed purified easeinogen. In contrast to this 
the optimum concentration of hydrolysed crude easeinogen was 0*9 g. (Fig. 1). 
This high optimum concentration was probably due to partial destruction of the 
stimulant during the acid hydrolysis. Enough active stimulant still remained, 
however, to cause the superiority of hydrolysed crude easeinogen over hydrolysed 
purified easeinogen. 

Response of other cultures to the stimulant. 

In order to find out whether cultures of propionic acid bacteria other than 
P. pentosacenm 11 require or are benefited by the factor, five additional cultures 
were tested on the basal medium with hydrolysed easeinogen (0*15%) with and 
without the stimulant. Table I gives the results of this experiment, in which 

Tabic I. Response of different cultures to the stimulant .* 

Culture No. 

Addition to banal hydrolysed ,--“--- 

easeinogen medium 11 33 54 56 57 61 

ml. 01A T arid formed per 100 ml. medium 

None 37 53 20 29 32 33 

Acetone extract milk powder, 36y/100 ml. 55 54 21 37 45 62 

* inoculated from second transfer in (NIJ 4 ) 2 S0 4 medium. 

culture 11 is included for comparison. From these results it appears that different 
strains of propionic acid bacteria vary in their requirements for this alcohol- 
soluble factor. Cultures 11 and 61 respond very definitely. Cultures *56 and 57 
respond to a less degree. Culture 54, a rather weak fermenter, apparently was 
not affected, whilst culture 33, a vigorous fermenter, grew just as well without 
the factor. Culture 33 either does not require the stimulant for its growth or, if 
it does, it can synthesize it under the cultural conditions used. 

Relation of the stimulant to growth stimulants for other organisms. 

In order to determine whether our factor was similar to other stimulants 
described in the literature, as many of these factors as were available were 
tested for their ability to replace it. The concentration of each substance tested 
was varied over a wide range on each side of the optimum values reported for 
other organisms. The figures in Table II give the maximum acid productions with 
these materials 1 in the basal medium containing 0*15% hydrolysed purified 
easeinogen. Inositol, indoloacetic acid, ascorbic acid and nicotinic acid amide 
had no effect. Pantothenic acid was slightly active in the highest concentration, 
probably because of impurities present, since 1*25 mg. had less effect than did 
15 y of acetone extract of milk powder. The sample was a 50% pure preparation 
of the calcium salt of pantothenic acid which according to l)r R. J. Williams 
stimulated yeast growth in a concentration of 2*9 y per 100 ml. 

1 The authors wish to thank Dr R. J. Williams for the sample of pantothenic acid and 
Dr C. J. Koehn for the nicotinic acid amide. 
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Table II. Effects 

of various materials on acid production . 




Activity 

K .... 


Concentration 

r 

Acid formed 


range 

Concentration* 

per 100 ml. 

Material tested 

per 100 ml. 

per 100 ml. 

ml. 0*1 N 

None 

— 

— 

38 

Acetone extract of milk powder 

0*7 to 70 y 

15*0y 

55 

dUnositol 

5 to 500 mg. 

600 mg. 

39 

lndoleacetic acid 

0 01 to 100 mg. 

0*01 mg. 

31 

Ascorbic acid 

0-5 to 100 mg. 

50 mg. 

41 

Nicotinic amide 

0-1 to 100 mg. 

0*1 mg. 

31 

Pantothenic acid 

0-25 y to 1*25 mg. 

1-25 mg. 

47 


* Most active or least toxic concentration. 


The fractions of liver extract 1 which were tested for stimulation of L. 
ddbriickii [Snell et al. 19361 were also tested for ability to replace the propionic 
stimulant. The hepatoflavin fraction was inactive, the vitamin B 2 fraction had 
some activity, but the ether-alcohol precipitate fraction was quite active. This 
fraction was also most effective for L. delbruclcii. 


Properties of the stimulant. 

In order to obtain some information regarding the chemical nature of the 
stimulant, various physical properties were investigated. Approximately 5 units 
of the stimulant were used for each of the various treatments and the preparations 
and fractions obtained wore tested for activity by adding them in varying 
concentrations to 10 ml. of the basal medium containing 0-15% purified hydro¬ 
lysed caseinogen. The results for one concentration (1 unit per 100 ml.) are 
given in Table III. It should be mentioned that high acidity was accompanied 
in every case by increased visible cell growth. 


Table III. Physical properties of stimulant. 


Treatment or fraction tested 

Acid formed 
per 100 ml. 
medium 
ml. 01 N 

Conclusion 

No stimulant 

38 

— 

Untreated stimulant 

55 

— 

Dried 60°, 12 hours 

56 

Stable 

Heated 1 hour in N H.S0 4 126° 

55 

Stable 

Heated 1 hour i n.N NaOH 126° 

45 

Partially destroyed 
Non-volatile 

Steam distillate, pH 4 

32 

Steam distillate, pH 9 

34 

Non-volatile 

Vacuum distillate, 2 mm. Hg, 120° 

39 

Non-volatile 

Vacuum residue 

53 

Still active 

Acetone extract, pH 5*0 

53 

Extracted 

Acetone extract, pH 8*0 (NaOH) 

57 

Extracted 

Aoetone extract, pH 8*0 (Ba(OH) 2 ) 

55 

Extracted 

Chloroform extract, pH 4*0 

45 

Partially extracted 

Chloroform extract, pH 8*0 (Ba(OH) 2 ) 

41 

Partially extracted 

Ether extract, pH 4*0 

35 

Not extracted 

Ether extract, pH 8*0 

37 

Not extracted 

Treated BaS0 4 , pH 6*8 

Treated norite, pH 6*0 

56 

Not adsorbed 

40 

Adsorbed 

Treated norite, pH 8*0 

37 

Adsorbed 

Treated norite, pH 7*0 

32 

Adsorbed 


1 These extracts were prepared by Dr C. J. Koehn for his vitamin investigations and portions 
of them kindly supplied to the authors. 
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The factor is stable to dry heat at a temperature of 60° for 12 hours. It is 
stable to autoclaving at neutrality and in N H 2 S0 4 solution but is largely 
destroyed by N NaOH under the same conditions. The factor is not volatile 
with steam either at pH 4 or 9, nor is it volatile at 120° and 2 mm. pressure. 

It was hoped that some indication of whether the stimulant was acidic or 
basic in nature could be obtained by extraction from acid and alkali. Aqueous 
solutions of the factor were adjusted to pH 4 and 8 with H 2 S0 4 and NaOH 
respectively, dried on anhydrous CaS0 4 and extracted continuously with solvents 
for 24 hours. Acetone extracted the stimulant completely under all conditions, 
the chloroform extractions were incomplete at both pH levels and the stimulant 
was not ether-soluble. It seemed possible that the factor might be a neutral 
compound as there was no difference between recovery from alkaline and from 
acid solutions. 

From the results given in this table it can only be concluded that the factor 
is stable to acid and labile to alkali, and that it is non-volatile, soluble in acetone, 
slightly soluble in chloroform, insoluble in ether and adsorbed on norite. 

Replacement by vitamin B 1 . 

The solubilities and stability of the factor suggested that it might be similar 
to vitamin Bj. Samples of this vitamin were therefore tested for their activity 
in replacing the stimulant in the basal medium containing 015% hydrolysed 
purified caseinogen. Fig. 4 shows the effect of these samples as compared with 


ml It \ \ .till fnrmril 



V*4M per 100 nil imdiina 


Tig. 4. Effects of vitamin Bj and acetone extract of milk powder on acid production. 

that of acetone extract of milk powder. Both vitamin B 2 samples replaced the 
stimulant completely. The optimum concentration of acetone extract of milk 
per 100 ml. was 15y, that of the I.G. (German) sample of B x was 5*0 y and the 
sample of crystalline B x (Merck) was active at a concentration of 0-5 y. 

Discussion. 

The complete replacement of our stimulant by vitamin B 1 in very low 
concentrations indicates that the two factors are identical. This supposition is 
supported by the similarities of the properties of the stimulant and of vitamin 
Bj. The solubility of the factor in water, alcohol and acetone, the insolubility 
in ether; the stability to acid and destruction by alkali; the adsorption on 
norite; and the non-volatility are all characteristic properties of vitamin B x . 
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The materials in which our stimulant has been found, yeast, cascinogen and 
milk , are known to contain this vitamin. Egg albumin and egg white were not 
as rich in our factor as the other materials and are known to contain little 
vitamin B x . The facts that our stimulant is not a part of the protein molecule 
and that the washed vitamin-free caseinogen was not active further support the 
theory of its identity with vitamin B } . It is probable that the activity of vitamin 
B 1 would not be completely destroyed even by hydrolysis in 20% H 2 S0 4 ; hence 
the observed activity of the protein hydrolysates would not contradict the theory 
that the stimulant is the same as vitamin B x . 

Vitamin B x has been reported to be stimulatory or essential for other micro¬ 
organisms. Schopfer [1935] showed that Phycomyces blakesheanus is stimulated 
by vitamin B 1 and suggested the use of this organism in vitamin B 1 assay. It 
has also been reported [Sunderlin & Werkman, 1928] that many bacteria art* 
able to synthesize vitamin B 1 . The more vigorous growth of propionic acid 
bacteria obtained by Sherman & Shaw [1923] in association with certain other 
bacteria might possibly have been due to synthesis of vitamin B x by the associated 
organisms. P. freudenreichii No. 33 may itself synthesize this vitamin, since it 
grows with equal vigour with or without its addition to the medium. 

The function of vitamin B x in the metabolism of propionic acid bacteria is 
not definitely known. Its most important role may be in stimulating growth 
and multiplication since its most striking effect is the greatly increased cell 
growth induced. It is of great interest that vitamin Bj, a specialized substance 
essential for higher animals, is also required by single-celled microorganisms 
such as the propionic acid bacteria. 

Summary. 

The stimulating action of protein hydrolysates on the acid production by 
certain propionic acid bacteria has been found to be due in part to a factor which 
is neither an amino-acid nor a part of the protein molecule. 

The stimulant was obtained from unhydrolysed caseinogen, egg albumin, 
yeast extract and milk powder by extraction with alcohol or acetone. The 
acetone extract of milk powder was most effective, since it was active in a con¬ 
centration of 15 y per 100 ml. 

The effect of the stimulant was most pronounced in the presence of amino- 
acids and it stimulated four of six cultures tested. 

Inositol, pantothenic acid, ascorbic acid, hepatoflavin, nicotinic acid amide 
and indoleacetic acid could not replace the stimulant. 

The properties' of the stimulant were similar to those of vitamin B x , and 
crystalline vitamin B x (Merck) completely replaced it in a concentration of 
0*5 y per 100 ml. of medium. 
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The occurrence in butter fatty acids of minute proportions (about 0*2%) of 
A fl -decenoic acid, first reported by Smedloy [1912], has been definitely estab¬ 
lished by (Iriin & Wirth [1922] and by Bosworth & Brown [1933]. Grim & 
Winkler [1924] mentioned in addition the presence of small quantities of do-, 
tetra- and hexa-deeenoic acids, but Bosworth & Brown, who showed that a 
tetradecenoic acid forms nearly 1 % of the total butter fatty acids, were unable 
to detect the presence of hexa- or do-deeenoic acids. Riemenschneider & Ellis 
[1936], however, have recently reported that goat milk fat contains 2*1 % of 
hexadecenoic acid, as well as smaller amounts of tetradecenoic (0*4%) and 
decenoic (0*2 %) acids. No information appears to have been given as to the 
structure of the tetra- and hexa-decenoic acids of these milk fats. In a recent 
communication [HiJditeh & Thompson, 19361 we described oxidation experiments 
conducted on certain of the lower fractions obtained from the esters of the 
“liquid” fatty acids of butter during ester-fractionation analysis, wdiich showed 
that the above-mentioned lower unsaturated acids were clearly detectable in the 
ester fractions in question, and which indicated the presence of hexadecenoic 
acid as definitely as that of tetradecenoic acid. 

We have now given this question some further study, primarily in order to 
ascertain how far the quantitative data for the major component acids, as 
determined by our ester-fractionation procedure, are affected if (as hitherto) no 
account is taken of the minor quantities of loiver unsaturated acids present. 
Concurrently, we have endeavoured to ascertain whether any unsaturated acid 
of lower molecular weight than decenoic acid is present, and also to obtain 
evidence as to the position of the unsaturated group in the tetra- and hexa¬ 
decenoic acids, the presence of both of which is indicated by quantitative oxida¬ 
tion of appropriate ester fractions (v. infra). 

For this purpose we have utilized the ester fractions obtained during the 
analysis, for Prof. Kay of the National Institute for Research in Dairying, of the 
component acids of the milk fat of a cow which had been receiving daily injec¬ 
tions of 10 mg. of thyroxine. The composition of this milk fat was entirely normal 
and similar to those which we have previously examined from cows on normal 
diet; we therefore considered that the treatment of the cow constituted no 
objection to use of the material from this analysis for the additional experiments. 
We applied our usual ester-fractionation procedure to the butter fatty acids 
subject, however, to the following modifications: 

(a) After the fatty acids volatile in steam had been fractionally distilled, the 
i.v., as well as the equivalent, of each fraction was determined. 

(b) The esters obtained from the “liquid ” acids (resulting from the lead salt- 
alcohol separation of the acids non-volatile in steam) were divided into two 

( 1905 ) 



1906 


T. P. HILDITCH AND H. PAUL 


portions. One portion was distilled in our usual way, a series of small fractions 
being collected from the refractionation of the first primary fraction; with the 
other portion, the size of the fractions was modified to some extent, in the hope of 
collecting larger quantities of those containing methyl tetra- or hexa-decenoate. 

(c) In addition to the foregoing analysis, wo carried out an ester-fractionation 
analysis on a specimen of the butter fat which had been completely hydro¬ 
genated, the results of which lead to the percentage composition of the mixed, 
completely saturated, fatty acids and which thus avoid any uncertainty due to 
the presence of small proportions of unsaturated acids other than those of the 
C 18 series. 

The cow milk fat studied had the following general characteristics: Reichert- 
Meissl value 27*3, Polenske value 2*1, Kirschner value 23-2, sap. equiv. 247*8 and 
t.v. 41*0. 

Ester-fractionation analyses of the mixed fatty acids. 

The fat (489*5 g.) yielded, after hydrolysis and prolonged distillation in steam 
of the resulting fatty acids, 435*8 g. of acids non-volatile in steam, while from the 
aqueous condensates there were ultimately recovered 29*7 g. of steam-volatile 
fatty acids. The acids non-volatile in steam were submitted to the usual lead salt 
separation from alcohol with the following result: 


Corresponding methyl esters 



O/ 

/o 

Equiv. 

I.V. 

“Solid” acids 

44-2 

274-3 

4-7 

“Liquid” acids 

55*8 

272-7 

76-0 


Fractionation of the fatty acids volatile in steam. 

The aqueous condensates from the steam-distillation were extracted exhaust¬ 
ively with ether and the dried recovered acids submitted to direct fractional 
distillation, with the results given in Table I. 


Table I. Fractional distillation of acids volatile in steam. 


Acidity (as butyric acid) in: 

Ether-cxtractod aqueous solution 
Recovered ether 

Distillate fractions: 

1 (up to 100°) 

2 (100-160°) 

3 

4 

5 

6 

7 

8 
9 

10 

11 

Residue 


g- 

Equiv. 

i.v. 

1*14 

— 

— 

0-36 

— 

— 

0-13 



1-53 

— 

— 

2-24 

90-0 

0*0 

2-70 

90-6 

0-0 

2-60 

91-7 

0*0 

2*45 

92*0 

0-0 

2-78 

93*7 

0*0 

2-58 

96-9 

0-1 

3*72 

103*7 

0*1 

2-71 

115*8 

0*2 

3-06 

129*3 

1-7 

1-68 

180*2 

17*9 


The fairly substantial i.v. of the residues from this particular distillation have 
been calculated to oleic acid in our previous papers, in consequence of the 
observation [Hilditch & Sleightholme, 1930] that pure oleic acid is volatile in 
steam to about the same extent as that indicated by the i.v. in question. 
Calculated as oleic acid, i.v. 17*9 corresponds to 0*33 g., or 0*07 % oleic acid in 
the total fatty acids; reckoned as deoenoic acid, it amounts to 0*20 g., or 0*043 % 
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decenoic acid in the total fatty acids. The proportion of unsaturated acid in¬ 
volved in these residues is thus so small that the final composition of the total 
fatty acids is not affected to more than 0 03% by assuming it to be either 
deoenoic or oleic. 

Only the final fraction of distillate harl any appreciable l.v. (1-7), representing 
0-03 g. as decenoic acid (less than 0*01 % of the total fatty acids); the mean 
equivalent of this fraction lies between those of hexanoic and octanoic acids, and 
the 1 % of unsaturated acid present therein may well be decenoic, although of 
course it might conceivably be traces of an octenoie acid. Clearly, however, there 
is no sign of the presence of octenoie or lower unsaturated acids in amounts 
approaching even the small proportions (0*2%) in which decenoic acid has been 
recorded in milk fats. 


Fractionation of methyl esters of the “solid ” and “liquid' 9 acids. 

As already mentioned, two separate fractionations of the methyl esters 
of the 4 liquid’’ acids were undertaken, the second being carried out in an 

Table 11. Fractional distillation of methyl esters. 

(a) Methyl esters of '‘solid" acids. 


Primary fractionation Refractionation of fraet ion 81 



_ _ _ . 

■— — .— 

\ 

r - 

— - 

— '-- 

— , 

No. 

g- 

Sap. equiv. 

I.V. 

No. 

g- 

Sap. equiv. 

I.V. 

SI 

31-52 

261-5 

1-7 

Sll 

2-43 

244-9 

10 

Si! 

6-24 

272-3 

2-7 

S12 

309 

250-8 

1-1 

S3 

8-21 

273-7 

3-2 

813 

4*05 

254-3 

M 

S4 

811 

277-4 

4-1 

814 

6-17 

201-0 

1-4 

SB 

7-75 

280-7 

5-8 

815 

7-22 

271-8 

2-6 

S6 

8*26 

287-6 

8-8 

810 

5-01 

278-3 

6-4 

S7 

9*22 

294-9 

10-9 


27-97 



S8 

3*28 

304-6 

12-9 






82-59 









(b) Methyl eaters of liquid" 

acids. 






Analysis /. 





l^imary fractionation 


Refractionation of fractions L1 

No. 

g- 

Sap. equiv. 

—\ 

I.V. 

No. 

g- 

Sap. equiv. 

I.V. 

1 LI 

31-83 

232-7 

39-4 

1 Lll 

2-30 

171-3 

5-0 

1 L2 

1915 

286-1 

84-3 

1 L12 

2-19 

187-9 

8-8 

1 L3 

10-53 

291*1 

90*9 

1 L 13 

2-80 

199-5 

9-3 

1L4 

8-84 

291-5 

92-9 

1 L 14 

12-79 

241-3 

29-1 

1L5 

8-53 

293-9 

94-3 

1 LI 5 

4-68 

279-3 

74-5 

1 L6 

8-38 

294-6 

95-8 

1 L16 

3*66 

293-4 

89-2 

1L7 

9-50 

294-7 

96-2 


28-42 



1 L8 

5-41 

324-3 

105-2 \ 






102-17 

300-7* 

99-9*/ 








Analysis II. 




No. 

g- 

Sap. equiv. 

I.V. 

No. 

g- 

Sap. equiv. 

I.V. 

2 LI 

08-60 

251-3 

56-8 

2 Lll 

7-11 

180-6 

91 

2L2 

8-77 

291-0 

84-7 

2L12 

7-25 

214-7 

12-1 

2 L3 

10-53 

293-0 

92-7 

2L13 

15-15 

248-7 

36-2 

2L4 

9-86 

294-4 

94-2 

2L14 

20-51 

281-2 

78-3 

2 LB 

9-14 

294-8 

94-9 

2L15 

14 78 

292-7 

90-8 

2L6 

10-67 

296-0 

96-8 


64-80 



2L7 

4-97 

295-9 

99-0 





2L8 

4-16 

346-0 

112-4 ^ 






126-70 

297-4* 

100-0* 1 






* Residual esters, freed from unsaponifiable. 
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attempt to obtain larger quantities of certain of the fractions in view of their 
subsequent oxidation (to determine the mean equivalent of the saturated 
esters present). The details of all the fractional distillations are collected in 
Table II. 

In order to obtain data for the calculation of mixtures of two unsaturated 
esters (e.g. tetra- and hexa-, or hexa- and octa-decenoates) along with saturated 
esters in the “liquid” ester fractions, some of the latter were oxidized in acetone 
solution with powdered KMn0 4 ; the saturated esters were thereby isolated and 
their equivalent determined. (It is difficult to ensure quantitative recovery of 
the purified saturated esters and it is therefore preferred to employ only their 
equivalent in the calculation. The equivalent and i.v. of the original ester 
fraction, with the mean equivalent of the saturated components therein, afford 
the data necessary for the calculation of the weights of two saturated and two 
unsaturated components.) The results of these oxidation analyses are given in 
Table III. 


Table III. Saturated esters present in certain “L" fractions 
(Table II). 


Ester fraction 


t - 


-- 

- > 

Saturat ed ester 

No. 

g- 

Sap. e.quiv. 

I.V. 

Sap. equiv. 

1 L14 

12-79 

241-3 

29-1 

237-5 

1 L2 

19-15 

286-1 

84-3 

265-4 

2L12 

7-25 

214-7 

12-1 

221-4 

2L13 

15-15 

248-7 

36-2 

243-2 

2L14 

20-51 

281-2 

78-3 

264-0 


Loss of some of the more volatile saturated esters prevented the determina¬ 
tion of the mean equivalent of the saturated components in fraction 2 L11, and it 
is possible that the value 221-4 found for those in fraction 2 L12 is somewhat 
higher than the true figure for the same reason. In the case of 2 L13, sufficient 
saturated esters (6*92 g. from 12*51 g. oxidized) were recovered to permit their 
further resolution into three fractions by distillation (2-06, 2-16, 2-02.g. with 
equivalents respectively 234-5, 244-5 and 251-0). The composition of the 
saturated methyl esters in 2 L13 was thus laurate 8-0%, myristate 77-4% and 
palmitate 14-6%. 

We have calculated the composition of the total fatty acids of the milk 
fat in three ways:- (a) calculating all unsaturation as due to C 18 unsaturated 
acids in the manner hitherto adopted and (6) allowing for decenoic, tetra- and 
hexa-decenoic acids as indicated by the oxidation data in Table III for each 
of the fractionations of “liquid” methyl esters numbered I and II in Table II. 
As pointed out in a previous paper [Hilditch & Thompson, 1936], a slight 
error is necessarily introduced in the latter case, because a little methyl oleate 
distils over in all the fractions, and the fractionation procedure is unable to 
yield a precise estimate of the amounts of the minor unsaturated acids present. 
Nevertheless the results obtained for decenoic and tetradecenoic acids are of the 
order given by Bosworth & Brown as a result of their study of several kg. of 
butter fatty acids and are further of interest when compared with the figures 
for the hydrogenated butter fatty acids which are given later in this paper. 
For the purposes of calculation the fractions in the analyses I and JI have been 
computed as follows. 
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J Lll, 1L12, 1L13 . 

1L U . 

1L15, 1L2. 

1L16,1L3,1L4,1L5,1LML7 

2L11,2L12 . 

2L13 . 

2 L14 . 


2 L15, L2, L3, L4, L5 


Saturated esters + methyl deccnoate 

Saturated esters (equiv. 237*5) + methyl tctra- and hexa- 
docenoates 

Saturated esters (oquiv. 265-4) A- methyl hcxadecenoate 
and 0 lfi unsaturated esters 

Methyl palmitate + hcxadecenoate + C, 8 unsaturated esters 

Saturated esters + methyl decenoatc 

Saturated esters (oquiv. 243*2) -4- methyl tctra- and hexa- 
decenoate 

Saturated esters (equiv. 264*0) + methyl hcxadecenoate 
and C 18 unsat urated esters 

Methyl palmitate l- hcxadecenoate + C I8 unsaturated esters 


The final results (weight and molar percentages) for the three* alternative 
calculations are given in Table IV. 


Table IV. Component acids of cotv milk fat. 

(a) Without allowance for unsaturated acids below C 18 . 

I Utilizing oxidation data (as above) from analysis I (Tables 11 and III). 
II Utilizing oxidation dal a (as above) from analysis IT (Tables II and III). 


Weight percentages Molar percentages 


Acid 

(«) 

r 

IT 

<«) 

I 

II 

Butyric 

3*7 

3*7 

3*7 

9-8 

9-8 

9-7 

w-JIexanoic 

2-0 

2-0 

20 

4-1 

4-1 

4-2 

w-Oetauoie 

1 3 

1*0 

0*9 

21 

1*6 

1*5 

«-Decanoic 

2-7 

. 20 

2*6 

3-7 

3*5 

3*5 

Laurie 

4-0 

1*7 

2*7 

4-8 

20 

3-2 

Myristic 

7-0 

0-3 

8-6 

8-2 

9*6 

8-9 

Palmitic 

23*8 

25-4 

26-2 

21-9 

23*4 

24*0 

Stearic 

10*7 

10*7 

10*7 

8-9 

8-9 

8-8 

Ab arachidic 

0*5 

0-4 

0*5 

0*3 

0*3 

0*3 

Ab decenoie 

— 

0-2 

0*5 

— 

0-3 

0*6 

As tetradeeenoie 

— 

1*2 

0-7 

— 

1*3 

0-8 

As hexadecenoic 

— 

5*0 

4 0 

— 

4-6 

4*5 

As oleic 

38*3 

32*4 

31-9 

31-9 

27*0 

26-5 

As octadocadicnoic 

4*7 

40 

3*9 

4*0 

3-3 

3*3 

As C g0 „ 88 unsaturated 

0*4 

0*4 

0-2 

0*3 

0*3 

0-2 


The results of these alternative calculations are very similar to those for two 
other cow milk fats studied similarly by Hilditch & Thompson [1930]. They 
point to the presence of docenoic and tetradeeenoie acids in proportions closely 
similar to those suggested by Bos worth & Brown, but they also indicate the 
presence of more hexadecenoic acid than of either of the former. The effect of 
allowance for these minor proportions of lower unsaturated acids upon the major 
component acid figures is to reduce the oleic acid percentage by about 5 % (mol.) 
and to increase the palmitic acid by about 2 % (mol.); the rest of the acids are not 
significantly affected. 


Ester-analysis of the completely hydrogenated butter fat. 

Further evidence in regard to the proportions of total C 14 , C 16 and C 18 acids 
present in the cow milk fat has been obtained by carrying out a fractionation 
analysis on the acids from the fat after it had been completely hydrogenated. 
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The butter fat (400 g.), without any previous refining treatment, absorbed 
hydrogen in presence of nickel on kieselguhr at 180° with great ease, yielding a 
white solid fat of i.v. 0*1. The hydrogenated fat (301*9 g.) yielded 16*1 g. 
of acids volatile in steam and 270*6 g. of acids non-volatile in steam. The 
details of the fractionation analyses for each group of acids are given in 
Tables V and VI. 


Table V. Fractional distillation of acids volatile in steam 
(hydrogenated butter fat). 


Acidity (as butyric acid) in : 

g- 

Equiv. 

Ether-extracted aqueous solution 

103 

— 

Recovered ether 

0-12 

-- 

Distillate fractions: . .. . _ 

1 (up to 100°) 

1-46 

— 

2(100-100°) 

2-83 

— 

3 

2-57 

93-0 

4 

206 

94-3 

6 

2-00 

100-1 

A 

1-94 

1150 

7 

0-99 

J 29-5 

8 

1-06 

170-5 


Table VI. Fractional distillation of methyl esters of acids non-volatile in 
steam (hydrogenated butter fat). 



Primary fractionation 


Refraction at ions 


S2T] 
? i 

g- 

Sap. equiv. 

No. 

g- 

Sap. equiv. 

1 

28-98 

236-7 

11 

1-70 

174-6 




12 

2-30 

193-4 




13 

2-65 

214-4 




14 

3-24 

232-5 




15 

3-49 

245-0 




16 

3-98 

253-4 




17 

4-66 

265*2 




18 

3-96 

281-6 





25-98 


2 

41-16 

276-4 

21 

4-06 

265-0 




22 

4-05 

267-6 




23 

4-58 

270-8 




24 

4-17 

273-5 




26 

4-12 

275-5 




26 

3-87 

280-2 




27 

4*03 

286-0 




28 

2-70 

290-3 




29 

3-84 

295-2 





35-42 


3 

6-25 

285-2 




4 

7-34 

288-5 




5 

7-34 

291-8 




a 

6-26 

293-8 




7 

, 6-87 

296-9 




8 

6-71 

296-5 




9 

6-43 

298-7 




10 

2-90 

299-2 





4jjg 321-7 (Residual esters, freed from unsaponifiabla, sap. equiv. 

124-16 303-6) 
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These figures lead to the following composition for the total acids in the 
hydrogenated butter fat: 1 


Acid 

% (wt.) 

% (mol.) 

Butyric 

3-5 

9-4 

n-Rexanoic 

Hi 

3-2 

w-Octanoic 

0-7 

1-2 

w-Docanoic* 

2-0 

30 

Lauric 

3-0 

4-3 

Myristic 

7*9 

8-2 

Palmitic 

340 

310 

Stearic 

4o*2 

37-9 

As 1 * 20—22 saturated 

0-9 

00 


The molar percentages of each group of acids (C 10 , C 14 , C 16 , C 18 ) from the 
analyses of the original butter fatty acids given in Table TV, (a) without and 
(I and II) with allowance for lower unsaturated acids, may now be compared 
with the above results from the hydrogenated butter fat (Table VIT): 

Table VII. Molar percentages of the different fatty acid groups 
From analysis of ... Original butter fat 


Acids 

<*) 

I 

11 

Hydrogenated 
but ter fat 

c 4 

9-8 

9-8 

9-7 

9-4 

c. 

41 

41 

4*2 

3*2 

c. 

21 

1-0 

1-5 

12 

0,0 

3-7 

3*8 

41 

30 

1 '12 

4-8 

2-0 

3*2 

4-3 

0,4 

8-2 

10*9 

9*7 

8-2 

C„ 

21-9 

28-0 

28-5 

31-6 

C„ 

44-8 

39-2 

380 

37-9 

l'20-22 

00 

. 00 

0-5 

00 


It is evident that columns 1 and T1 (i.c. with allowance for the lower un¬ 
saturated acids) are in much better agreement with the data for the hydrogenated 
butter fat than column (a). The C 16 acid content of the hydrogenated butter fat is 
indeed higher than that as calculated under T and II, which would point to the 
presence of even more hexadecenoic acid than our figures suggest. We are aware 
however that, the separation of methyl myristate from a mixture containing large 
proportions of methyl stearate as well as methyl palmitatc is difficult and it is 
possible that, in spite of the refractionation of fraction 2 (in Table VI), this 
separation has not been quite complete. It is therefore possible that the values 
in the final column for C 14 and C 18 acids may be slightly below, and that for 0 16 
acid correspondingly above, the true figures. 

The values for the component acids of the hydrogenated fat, at all events, 
definitely confirm the presence of hexadecenoic acid and, on the whole, support 
the modified calculations I and II which we have employed in order to allow for 
the presence of this and the other two lower unsaturated acids (C 10 and C 14 ) in 
the original milk fat. 

1 We have satisfactorily verified the identity of myristic and palmitic acids in some of the 
fractions given in Table VI, but we have not succeeded in definitely establishing the presence of 
lauric acid. The acids from fraction 13, for example, which might have been rich in methyl laurate, 
failed to yield an individual specimen of lauric acid on repeated recrystallization; crystallization 
of the anilides prepared from the acids of this fraction also failed to reveal the presence of laur- 
anilide. We are consequently doubtful whether lauric acid is actually present in milk fats, even in 
the small proportions suggested. 
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Structure of tetra - and hexa-decenoic acids of butter fat. 

Although the position of the double bond in the 0-2 % of decenoic acid present 
in butter fat has been given (A ,,:,w ) by Griin and by Bosworth & Brown, the struc¬ 
tures of the tetra- and hexa-decenoic acids have not been stated. We have 
attempted to obtain evidence on this point by examining the mono- and di¬ 
carboxylic acids produced in the course of KMn() 4 -acetone oxidation of fraction 
2 L13 (Table JT), in which methyl tetra- and hoxa-decenoate were both present. 
The esters (12-8 g.), after oxidation in acetone with powdered KMn0 4 , removal of 
the acetone and decoloration of the manganese oxides, were extracted with 
ether from the aqueous salt solution. The ether extract was washed repeatedly 
with aqueous K 2 C0 3 and the united aqueous extracts were heated with aqueous 
KOH in order to hydrolyse the monomethyl esters of dicarboxylic acids pro¬ 
duced during the oxidation. The solution was finally concentrated to a small 
bulk, made acid and distilled for some hours in steam in order to separate the 
mono- from the di-earhoxylic acids. 

The residual liquor from the steam-distillation was repeatedly extracted with 
ether and yielded 2*87 g. of solid acids. These were refluxed with petroleum 
(b.p. 40-60°) to remove any remaining monobasic acids. The undissolved acids 
were recrystallized from water; they melted at 98-100° and had an equi¬ 
valent of 96*5; on further crystallization from chloroform the melting-point was 
raised to 105° (unchanged when mixed with azelaic acid), the equivalent then 
being 93*7 (azelaic acid, 94*0). The mother-liquors from the various crystalliza¬ 
tions were examined for other dicarboxylic acids, but without result. The yield 
of crude azelaic acid (2-87 g.) from the 4-7 g. of unsaturated methyl esters present 
in the specimen oxidized corresponds to 61 % of the weight of the unsaturated 
esters and suggests that in all the latter the unsaturation was in the A i,: ,0 -position. 
(The theoretical yields of azelaic acid from methyl A** 10 -tetradecenoate, A H10 - 
hexadecenoate and A {,:lu -octadecenoate are respectively 78, 70 and 63%; the 
yield of azelaic acid actually isolated from a A !,10 -unsaturated ester by the 
KMn0 4 -acetone method is about 85-90% of theory [Armstrong & Hilditch, 
1925].) 

The aqueous condensates from the steam-distillation were extracted with 
ether and worked up as in the case of the steam-volatile acids from a butter 
analysis. The ether-extracted aqueous washings still contained water-soluble 
acids equivalent to 24*1 ml. of Nj 10 alkali, the nature of which was not deter¬ 
mined. The acids extracted by ether gave, on distillation, a fraction of equi¬ 
valent 127*8 and a subsequent smaller fraction with equivalent 141, pointing to 
the presence of n-heptanoic acid (equivalent 130) accompanied by small quan¬ 
tities of acids of lower and higher mol. wt. 

Evidence was thus afforded of the presence of n-heptanoic and azelaic acids 
(corresponding with the oxidation products of A W:A0 -hexadecenoic acid), while in 
addition no other dicarboxylic acid was detected and the total yield of azelaic 
acid was of the order which would be encountered if in all the unsaturated acids 
present the double bond was in the A W:1 “-position. It therefore seems that the 
position of the ethenoid bond, in the three lower unsaturated acids which form 
minor components of the butter glycerides, is the same with respect to the 
carboxylic group as in oleic acid: 


CH*.| 

CH s .j 

CH a , 


CH,: CH. [CHJ, 
CHJ..CH: CH.[CH a “ 
CHjk.CH: CH.jCHj 
CH*],.CH: CH. [CH S 


.COOH 
17. COOH 
7 .COOH 


.COOH 


Decenoic acid 
Tetradecenoic acid 
Hexadecenoic acid 
Oleic acid 
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The relatively high proportions of fully-saturated glycerides in animal milk 
and depot fats have been pointed out in former communications from this 
laboratory and it has been suggested that stearo-glycerides in depot fats may 
result by saturation of pre-formed oleo-glycerides [Banks & Hilditch, 1931; 
1932], and that the lower saturated acids combined as glycerides in milk fats 
may also result from transformation of an oleo-glyceride into, for example, a 
butyro- or a myristo-, etc. glyceride [Hilditch & Sleightholme, 1931]. The latter 
view, involving chemical change commencing from the end of the? alkyl fatty 
acid chain instead of from the carboxylic group, is perhaps now not so uncon¬ 
ventional as when it was first put forward, owing to the recent observations of 
•lowett & Quastel [1935| on “multiple alternate oxidation” as opposed to the 
simple theory of j8-oxidation, and of Vcrkade & van der Lee [1934] on cu-oxida- 
tion of fats. The identity of the position of the double bond in the minor lower 
unsaturated acids of butter fat with that in oleic acid, with the apparent absence 
of any unsaturated acid below A' '"-decenoic acid, is also in harmony with this 
conception of milk fat formation, for the acids in question may represent frag¬ 
ments, so to speak, of transformed oleo-glycerides which have escaped final 
saturation to lower saturated glycerides. 


Summary. 

Detailed analyses have been made of the component acids of a typical cow 
milk fat, and the results calculated (a) on the assumption that no unsaturated 
acids of lower molecular weight than oleic were present and (b) allowing for the 
presence of decenoic, tetra- and hexa-decenoie acids on the basis of special 
analyses to determine the saturated ester contents of certain of the ester frac¬ 
tions obtained in the course of the fractional distillations of “liquid” methyl 
esters. Comparison of these results with those for the similar analysis of the 
component acids of the completely hydrogenated butter shows that the total 
proportions of C 10 and C 18 acids present are in agreement only when allowance 
has been made, as in (6), for the presence of lower unsaturated acids. 

Tn addition to the traces of decenoic acid and somewhat over 1 % of tetra- 
decenoic acid reported by Bosworth & Brown, there must be about 4-5 % of 
hexadeeenoic acid also present. As regards the chief component acids, palmitic 
and oleic, the result of the correction for the lower unsaturated acids is to increase 
the palmitic acid figure by about 2 %, while the oleic acid figure is reduced by 
about 5 %. 

There is no detectable amount of any unsaturated acid of lower molecular 
weight than A" :lw -decenoic acid in butter fat, and the positions of the double bond, 
relative to the carboxyl group, are the same in the decenoic, tetra-, hexa- and 
octa-decenoic acids of butter fat. It is suggested that these observations are in 
harmony with the hypothesis put forward in earlier communications, namely, 
that the lower saturated glycerides of milk fats have been produced from pre¬ 
formed oleo-glycerides, and that those minor, lower unsaturated components 
may represent degradation products of oleo-glycerides which have escaped 
complete saturation to lower saturated groups. 
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CCLXIX. THE ACTION OF PHENYL ISOCYANATE 

ON INSULIN. 

II, FURTHER OBSERVATIONS ON THE CHEMISTRY 
OF INSULIN AND ITS PHOSPHATE¬ 
LOWERING POWER. 

By WILLIAM ERIC GAUNT and ARTHUR WORMALL. 

From the Department of Physiology , University of Leeds. 

(Received 13 August 1936.) 

Hopkins & Wormall [1934, 2] found that the ac tion of phenyl isocyanate on 
insulin caused complete, or almost complete, loss of hypoglycaemic activity 
very rapidly at pH 8 and at 5-8°. Previous chemical and immunological in¬ 
vestigations on various phonylcarbamido-protein derivatives [Hopkins & 
Wormall, 1933, 1,2; 1934, 1] indicate that phenyl isocyanate probably reacts 
with free amino-groups and causes no other very drastic change in the protein 
molecule. The conclusion w r as reached, therefore, that the free amino-groups of 
insulin, or at least some of them, are essential for its activity. Jensen el ah 11934] 
had simultaneously reached the same conclusion [cf. also Jensen & Evans, 1935J. 

Various authors have recorded other changes in the blood of animals fol¬ 
lowing insulin injection. Thus Wigglesworth ct ah [1923] observed a fall in the 
blood inorganic phosphate of rabbits, and Briggs et ah [1923-24] found a decrease 
in the blood glucose, potassium and inorganic phosphate and arise in the blood 
lactic acid of dogs. Luck et ah [1928] have recorded a fall in the blood amino- 
acid, and other authors have found increases in blood lactic acid and calcium 
[ef. Peters & Van Slyke, 1931]. Rigo & Frey [ 1934] found a diminution in blood 
creatine and creatinine after insulin injection. 

Some of these changes, e.g. those in lactic acid and phosphate and, less 
directly, calcium, appear to be closely connected with the fall in the blood sugar 
level. (A review of the literature dealing with the relationship Ixdween phos¬ 
phates and carbohydrate metabolism is given by Peters & Van Slyke [1931, 
pp. 1114-1118], and more recent work is discussed by Cori & Cori 11934, p. 105].) 

From this and other evidence it seems probable that the hypophosphataemic 
capacity of insulin is secondary to its influence on carbohydrate metabolism, and 
that insulin has no specific direct action on the blood phosphate. Davis et ah 
[1933], however, have recorded that the phosphate-lowering activity of insulin 
was more resistant to acid alcohol and soft X-radiation than was the sugar¬ 
lowering power, and they conclude that insulin owes its activity t-o a number of 
“active groups*’ which vary in stability towards inactivating agents. Savino 
[1924] found that when glucose is injected to maintain the normal blood sugar 
level in a fasting sheep after the injection of insulin, there is still a fall in the 
blood inorganic phosphate. 

We have ourselves carried out experiments to determine whether this differ¬ 
entiation could be effected by some other inactivating agent, since confirmation 
of the results of Davis et ah [1933], by some other method, would demonstrate 
fairly conclusively the independence of these two activities of insulin. For this 
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purpose, further use has been made of the inactivation by phenyl isocyanate, 
this reagent being most suitable in view of the mild conditions of the reaction 
and the relatively specific action of the reagent for one type of grouping. 

The action of phenyl isocyanate on insulin and other proteins has been 
investigated further from the chemical standpoint. In particular, the possibility 
of a reaction with the hydroxyl group of tyrosine, or with basic groups other 
than the a-amino-groups of terminal amino-acids and the e-amino-groups of 
lysine molecules, has been considered. Where the results of these other in¬ 
vestigations are applicable to insulin they are discussed below. 

Experimental. 

In most experiments the inactivation of insulin by phenyl isocyanate and the 
determination of the hypoglycaemic actions of treated and untreated insulin 
were carried out as described previously [Hopkins & Wormall, 1934, 2J. Rabbits 
which had been starved for 24-36 hours were used for all the assays, and the 
blood inorganic phosphate determinations were made by the method of Fiske 
& Subbarow [1925]; 0-25 % phenol was generally added to the insulin and NaCl 
solutions injected. The volume of solution injected into each rabbit was 0*5 ml. 
per kg. 

The insulin was supplied by Messrs Boots Pure Drug Co. Ltd., and had an 
activity of 19,500 units per g. 

Normal fluctuations in the blood inorganic phosphite of rabbits. 

In many experiments there appeared to be significant diurnal fluctuations 
of the blood inorganic phosphate; the level generally rose during the experiment, 
with a partial return to the original level later in the day and a more or less 
complete return in 24 hours (cf. Table I). 

Table I. Fluctuations in the blood inorganic phosphate of rabbits. 

(mg. P per 100 ml. blood.) 

Time after first bleeding (hours) 

Babbit 0 2 4£ 24 28 

Exp. 1 S 7 2 01 2-27 2*60 2-44 — 

S 8 2-77 2-60 2-98 3 10 — 

C 2-08 3 13 303 2-05 — 

D 2-79 3-19 308 2-00 — 

Average *250 2-81 *2-92 * 2-71* 3*65 

Exp. 2 Average for 8 2 92 317 3 38 3 10 3-42 — 

rabbits 

During these experiments there was no significant alteration in the blood 
sugar level, and it has not been found possible as yet to account fully for the 
fluctuations in the phosphate. As the following experiment will indicate, they 
do not appear to be related to the water intake of the rabbits during the experi¬ 
ment. One group of four rabbits was allowed water ad lib . for 2 days before, 
and during, the 6 hours of the experiment and another group was given no 
water during the whole of this period. The water consumed by the rabbits in 
the first group varied from practically nothing to a considerable volume, but all 
the rabbits showed very similar fluctuations throughout the day:' The blood 


29£ 

3-44 

3-88 

3*31 

3*59 
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inorganic phosphate figures for two experiments were as follows (average values, 


as mg. P per 100 ml. blood, for each group): 

Time (hours) ... 0 3 6 

Exp. 1 Group A 3-67 4-24 3*58 

Group B 2-82 3-28 2-75 

Exp. 2 Group A 2-67 2-77 2-80 

Group B 3 16 3-43 3-24 


Group A, given water. Group B, given no water. 

From these figures, and from those of other experiments, the water intake 
does not appear to influence the blood inorganic phosphate, but it must be 
emphasized that the rise does not invariably occur. Thus in some experiments 
only a very slight rise, or even none at all, took place, as will be seen from the 
second experiment mentioned above and from one of the experiments described 
below (cf. Table III). 

These normal fluctuations must, of course, be considered when the effect of 
insulin on the blood inorganic phosphate is studied, and in all the investigations 
reported here a control group of rabbits fed on the same diet and under exactly 
the same experimental conditions has been examined. In connexion with this 
fluctuation in the blood phosphate it is of interest to note that Havard & Reay 
[1925] found that there is often, but not invariably, a rise in the blood inorganic 
phosphate of man during the day, and on one occasion the midday value was 
16 % above the morning level. No satisfactory explanation for these variations 
could be advanced by these authors. In our experiments it seems possible that 
the withdrawal of 4 ml. of blood from each rabbit at each bleeding might signifi¬ 
cantly affect the inorganic phosphate level of the blood, but this explanation 
would not account for the rise observed by Havard and Reay, who withdrew 
each time less than 1 ml. of blood from the subject. Some observations on the 
influence of haemorrhage on the blood calcium of rabbits are given by Culliane 
[1927; 1930] who noted a fall with most of the animals, and it is not inconceivable 
that this fall in calcium and the rise in inorganic phosphate are in some way 
interrelated. 


The phosphate-lowering power of the phenylcarbajnulo-derivative of insulin. 

A solution of insulin in dilute NaHC0 3 and cooled to 5-8° was treated with 
small amounts of phenyl isocyanate, and the reaction maintained at pH 8-8*5 
as previously recorded [Hopkins & Wormall, 1934, 2j. The whole mixture was 


Table II. Influence of phenyl isocyanate on the hypophosphataemic power 

of insulin. 

(Average values for groups of 4 rabbits—results as mg. inorg. P or sugar per 100 ml. of blood.) 

Phenylcarbamido- 

Control Insulin insulin 

,-a - N (0*75 unit per kg.) (15 units per kg.) 


Exp. 2 


Time 

(hours) 

0 

2 

H 

24 

28 

0 

9 


Inorg. P 
2*82 
3*38 
3-38 
2-98 
3*36 


Inorg. P 

2-85 

2*44 

2-66 

300 

3*66 

2-91 

2*25 

2*48 


Inorg. P 

2*65 

3*21 

309 

2*96 

3*31 

3*43 

3*52 

3*58 
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kept overnight, and was then tested, together with untreated insulin, for hypo- 
glycaemic and hypophosphataemic actions in starved rabbits. The treated 
insulin was used in amounts equivalent to twenty or thirty times the quantity 
of unchanged insulin normally used for standardization tests. The experiments 
made under different conditions and with varying amounts of the treated insulin, 
gave similar results, and all indicated that where loss of the hypoglyeaemic 
activity occurred, there was also loss of hypophosphataemic activity (Table 11). 
As in previous experiments the control animals received injections of a suspension 
of diphenylurea, a substance which is present in relatively large amounts in the 
preparations of phenylcarbamido-derivative of insulin used. 

Further experiments have been carried out to determine whether it is 
possible, by using a smaller amount of phenyl isocyanate or by stopping the 
reaction at different stages, to distinguish between the hypoglyeaemic and hypo¬ 
phosphataemic activities of insulin. Table III records an experiment of this 
type, in which the amount of isocyanate used was less than previously and in 
addition the reaction was stopped at certain intervals, as far as this was possible, 
by extraction with ether to remove the excess of phenyl isocyanate. The results 
indicated a rough parallelism between the two activities of insulin, and there 
was no evidence of any preferential destruction of the hypoglyeaemic or hypo¬ 
phosphataemic power. In several of these experiments it has been noticed that 
the injection of phenylcarbamido- or jp-bromophenvlcarbamido-derivatives of 
insulin has been followed by an unexpected slight rise in the blood sugar, whereas 
the control animals did not show this phenomenon. This rise may be due to 
some indirect action of the phenylcarbamido-derivative or to the presence in 
the original insulin of a hyperglycaemic principle [cf. Burger & Kramer 1930; 
Dirscherl, 1931]. This hyperglycaemic substance appears to be more resistant 
to phenyl isocyanate than is the hypoglyeaemic hormone. 

Table III. Influence of insulin , which has been partially inactivated by 
phenyl isocyanate ., on the blood inorganic phosphate of starved rabbits . 

(Average values for groups of 4 rabbits.) 

Phenylcarbamido-insulin 



Time after 
injection 
(hours) 

Control 

Insulin 
(0*75 unit 
per kg.) 

1 st product 2nd product 
(5 units (15 units 

per kg.) per kg.) 

Blood inorg. P 

0 

4*05 

302 

2*68 

2*79 

(rag. per 100 ml.) 

2 

4*06 

2*32 

2*07 

2*16 

4i 

4*23 

2*90 

2*24 

2*57 

Blood sugar (mg. 

0 

— 

106 

100 

96 

per 100 ml.) 

2 

— 

59 

67 

49 

41 

— 

45 

58 

48 


Experimental details. 32*8 mg. insulin (640 units) were dissolved in 4 ml. of 0*9 % NaCl plus 
4 ml. of 0*2 M NaH00 3 . 2N NaOH was added to give pH 8-8*6, and the solution cooled in ice. 
After a sample (2 ml.) had been withdrawn, 0*08 ml. of phenyl isocyanate was added to the main 
bulk and the mixture shaken. Another 2 ml. were taken immediately (“ 1st product” in the above 
table), and the remainder ^as shaken well for 15 min., the solution being kept cool and maintained 
at pH 8-8*5 (“2nd product”). 

Immediately after it had been taken, each sample was treated with 0*05 ml. of 2N HC1 (double 
quantity for the last sample) and at once extracted with ether to remove the excess of phenyl 
isocyanate. Six successive extractions with 10 ml. of ether at each extraction were made, and after 
the addition of 0*05 ml. of 2 N NaOH the aqueous solution was freed from ether by gentle warming 
and evacuation. These solutions were then adjusted to about pH 8, and before being used for 
injection, phenol was added to them to the extent of 0*25 %. 
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A chemical study of the groups in insulin which might react 
with phenyl isocyanate. 

In previous work [Hopkins & Wormali, 1933, 1; 1934, 1] evidence has been 
adduced that the main reaction between phenyl isocyanate and proteins is that 
between the isocyanate and the free amino-groups. With native proteins the 
reaction is possibly confined to the e-amino-groups of the lysine molecules, but 
with proteins of the peptone type, whose phenylcarbamido-derivatives were 
investigated by Raper [1907], or with insulin, the lysine groupings appear to 
account for a fraction onJy of the total free amino-nitrogen. From the chemical 
viewpoint it seems of importance therefore to study (a) the free amino-groups of 
the insulin molecule which arc attacked by phenyl isocyanate, i.e. to find out if 
possible the amino-acids in insulin which have free amino-groups, and (6) the 
possibility of a reaction between the isocyanate and groups in insulin other than 
free amino-groups. It is with the latter problem that we are mainly concerned 
in this paper. 

It is rather difficult to decide, without further investigation, which groups 
in a protein are likely to react with and isocyanates or undergo some modifi¬ 
cation during the reaction, but evident possibilities are: the hydroxyl group of 
tyrosine, the disulphide group of cystine, the sulphydryl group of cysteine, the 
iminazole group of histidine, the guanidine group of arginine, the pyrrolidine 
group of proline and the acid-amide groups of asparagine and glutamine. Phenyl 
'isocyanate was caused to react with these amino-acids as far as possible under 
conditions similar to those employed in the preparation of phenyl carbamido- 
derivatives of proteins. The amino-acid was dissolved in phosphate buffer at 
pK 8 or in 0-2 M NaHC0 3 , and phenyl isocyanate (1*4 mol. for each group in 
the amino-acid which might conceivably react with the isocyanate), or the 
corresponding amount of /j-bromophenyl isocyanate dissolved in ether, was 
added to the stirred cooled solution. After 2£-4 hours, this period being longer 
than that allowed for the preparation of phenylcarbamido-proteins and very 
considerably longer than that necessary for the inactivation of insulin by phenyl 
isocyanate, the mixture was centrifuged. (This prolongation was made in order 
to ensure maximum reaction of the isocyanate with the various amino-acids.) 
In most cases the phenylearbainido-acid was precipitated from the supernatant 
solution by dil. H 2 S0 4 , but in some instances this method had to be modified 
(see below). 

Certain of these phenylcarbaraido-derivatives have been converted into the 
corresponding hydantoins. These hydantoins were prepared in connexion with 
investigations on the products obtained by the acid hydrolysis of phenyl- 
earbamido-derivatives of insulin and other proteins, and where the analytical 
data obtained offer confirmatory evidence for the identification of the phcnyl- 
carbamido-derivative, a brief description of the preparation is given. 

Tyrosine. Gumpert [1885] showed that the reaction between phenyl iso¬ 
cyanate and phenols proceeds to a slight extent in the cold but more completely 
on the water-bath. Working at higher temperatures, Goldschmidt & Meissler 
[1890], Dieekemann et al . [1904] and Michael [1905] have obtained similar 
reactions with phenol, phloroglucinol and hydroresorcinol but from the work of 
these authors no significant reaction of this type appears to take place at ordinary 
temperatures. 

In our experiments there has been no suggestion of any reaction between 
phenyl isocyanate and the phenolic group of tyrosine, even when a large excess 
of the isocyanate is used. Under the usual conditions for the preparation of 
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phenylcarbamido-acids, phenyl and p-bromophenyl isocyanates react with 
tyrosine to give monosnbstituted compounds whose N and Br contents agreed 
with the formulae 

C 6 H 4 OH. CH 2 . CH. (NH. CO. NHPh). COOH 
and C 6 H 4 OH. CH 2 . CH. (NH. CO. NHC 6 H 4 Br). COOH 

[Hopkins & Wormall, 1934, 1], 

On account of the low solubility of tyrosine it was not possible to reproduce 
exactly the same conditions for the preparation of its phenylcarbamido-de- 
rivatives as for those of proteins and all other amino-acids used. In the case of 
tyrosine it is necessary to start with a more alkaline medium, but after the 
reaction has proceeded for a short time the pH is lowerod considerably. The 
yields of the tyrosine derivatives were similar to those obtained in the pre¬ 
paration of the corresponding derivatives of the simple amino-acids (glycine and 
alanine), and it does not seem probable that any other product is formed in 
significant amounts. 

The phenyl- and p-bromophenyl-carbamido-derivatives of tyrosine give well- 
marked Mi lion's reactions, and they also give red or black pigments when 
subjected to the action of tyrosinase, these reactions being indicative of a phenolic 
grouping [cf. Raper, 1928]. The red pigments produced by the action of the enzyme 
on the phenyl- and p-bromophenyl-carbamido-derivatives are much more stable 
than is the corresponding pigment from tyrosine, and in this respect these 
substances appear to behave like tyramine and 3:4-dihydroxyphenylcthyl- 
methylamine (epinine), which give more stable red pigments than docs tyrosine 
[Duli&re & Raper, 1930]. 

In all these enzymic experiments, the pH of the medium was controlled, 
the reactions being carried out at pH 6, 7 or 8 in the presence of a phosphate 
buffer. 

These experiments appear to offer satisfactory evidence that in the in¬ 
activation of insulin by phenyl isocyanate there is no reaction between the latter 
and the hydroxyl groups of the tyrosine groups in insulin. This is of special 
interest in view of the recent work of Harington & Neuberger [1936], in which 
evidence has been obtained that “the phenolic groups of insulin are of importance 
in relation to its physiological activity”. Jensen et al. [1936] also discuss the 
significance of phenolic groups in reference to the hypoglycaemic power of 
insulin. 

Cysteine and cystine. The cystine derivatives have been made previously 
[Hopkins & Wormall, 1934, 1] and no evidence was obtained of any change in 
the disulphide linkage. 

The preparation of the cysteine derivatives has presented more difficulty 
on account of the relative insolubility of their sodium salts. Ultimately, however, 
by the use of a much larger volume of bicarbonate solution, the phenylcarbamido- 
derivative of cysteine was made in the following manner: 2 ml. (2-8 mol.) of 
phenyl isocyanate were added to a cooled solution of 1 g. (1 mol.) of cysteine 
hydrochloride in 100 ml. of 0*2 M NaHC0 3 with the pH adjusted and maintained 
at about 8. The mixture was stirred for about 2 hours and filtered. The clear 
filtrate was acidified with 2N HC1 and the precipitated product immediately 
recrystallized thrice from dilute alcohol, giving needles or long prisms, m.f. 
135-136° (decomp.). The yield of the pure product was 1*6 g. (Found (Roth): 
N, 10*86; S, 7*92%. Calc, for N, 10*37; S, 7*90%.) 

After being heated at 104° for 4$ hours the product (m.p, 139-140°, decomp.) 
contained N, 11*90; S, 8*88%. Calc, for C 17 H 17 0 4 N*S: N, 11*70; S, 8*91%. 
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The analytical figures indicated that both the amino-group and the SH group 
of cysteine had been blocked by phenyl isocyanate. The compound gave a very 
faint nitroprusside reaction due apparently to the action of the NH 3 , since 
other tests have shown that the phenylcarbamidothio-linkage is alkali-labile. 

In view of the importance attached by many authors to the sulphur-con¬ 
taining groupings of insulin [cf. Jensen & Evans, 1934] other experiments 
have been carried out to determine whether these groups are acted upon by 
phenyl isocyanate. In a typical experiment of this type, phenyl isocyanate 
(2*8 mol.) was added to cooled solutions of cysteine and of cystine (1 mol.) in 
NaHC0 3 at pH 8. The mixtures were shaken for 2 hours and the nitroprusside 
test for SH groups was carried out at intervals on small samples of the mixtures 
and on control solutions of cysteine and cystine in NaHC0 3 . The cystine pre¬ 
paration gave no colour with the nitroprusside at any time: the solution con¬ 
taining cysteine showed rapid diminution of the nitroprusside reaction and after 
| hour nearly all the SH groups had been removed. 

This rapid action of phenyl isocyanate on SH groups is interesting, parti¬ 
cularly as it takes place under such mild conditions. The authors could find no 
reference in the literature to such a reaction, although Snape [1885] had pre¬ 
pared the phenyl isocyanate derivative of phenylmercaptan by prolonged 
heating of a mixture of the two compounds. Further confirmation of this 
reaction between SH groups and phenyl isocyanate was obtained by a study of 
the action of the isocyanate on thiolacetic and a-thiolpropionic acids. 

a-Thiolpropionic acid (1 mol.) in NaHCO a solution at pH 8 was treated with 
phenyl isocyanate (1-4 mol.) under the normal conditions. After 1 hour, the 
mixture was filtered and the clear filtrate acidified with cone. HC1 to precipitate a 
white crystalline solid. (Yield 80 %.) The product was recrystallized three times 
from dilute alcohol, yielding small needles or prisms, m.p. 140-14P (decomp.). 
(Found (Roth): N, 6-44; S, 14-43%.Calc, for C 10 H u O 3 NS: N, (5-23; S, 14-22%.) 

The thiolacetic acid compound was prepared in a similar manner in 80% 
yield. It was recrystallized from dilute alcohol as long thin prisms, m.p. 144- 
146° (decomp.). (Found (Roth): N, 6*64; S, 14-84%. Calc, for C 9 H 9 0 3 NS: 
N, 6-64; S, 15-18%.) 

Proline. The phenylcarbamido-derivative of proline has been described by 
Fischer [1901], In the present investigation, the p-bromophenylcarbamido- 
derivative was obtained by a slight modification of the usual technique, the 
yield of crude product being about 70% of the theoretical. On recrystallization 
from dilute alcohol it gave colourless long plates or prisms, m.p. 169° (decomp.). 
(Found (Roth): Br, 25-41; N, 9-04%. Calc, for C 12 H 13 0 3 N 2 Br: Br, 25-56; N, 
8-96%.) 

Histidine. Histidine dihydrochloride (1 mol.) was treated with an ethereal 
solution of p-bromophenyl isocyanate (4-2 mol.) under the usual conditions 
and the mixture centrifuged after 2| hours. The precipitate was washed several 
times with water containing a little Na^C^ and sufficient NaOH to give pH 8, 
and the washings were added to the supernatant solution previously obtained. 
This solution was evaporated to small bulk in vacuo , and treated with cone, 
and finally 2 N HgS0 4 to give maximum precipitation of a white crystalline 
material. This preparation was dried in vacuo. Yield 1-9 g. from 1*2 g. of 
histidine dihydroohloride. Recrystallized twice from hot water it gave colourless 
plates, m.p. 177-178° (decomp.). For analysis, the substance was heated at 102- 
103°for4hours. (Found (Roth): N ,15-56; Br, 22-04%. Calc, for C 13 H 13 0 3 N 4 Br: 
N, 15*87; Br, 22*63%.) 

Arginine . Some difficulty has been experienced in isolating the pure phenyl- 
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and p-bromophenyl- car bamido - derivatives of arginine, and from the results so 
far obtained it appears probable that when phenyl- and p-bromophenyl-iso- 
cyanates act on arginine mixtures of mono- and di- derivatives are produced. 

Further work is being carried out to determine to what extent, and how 
rapidly, phenyl isocyanate reacts with the guanidino-group of arginine and with 
the same group of arginine-containing proteins. The evidence so far available 
indicates that in the case of arginine even when a large excess of the isocyanate is 
used, this reaction is less rapid and less complete than that involving the oc- 
amino-group. In the reaction between the isocyanates and insulin (and other 
proteins), under the conditions used in this and previous investigations, it is 
believed that no significant change occurs in the guanidino-grouping, but 
further work will be necessary before this can be definitely established. 

Asparagine. Phenyl isocyanate and asparagine under the usual conditions 
yielded a phenylcarbamido-derivative. Yield (of crude product) 70% of 
theoretical. On recrystallization from alcohol it gave prisms, m.p. 163° (decomp.). 
(Found (Roth): N, 16-50%. Calc, for C u H 13 0 4 N 3 : N, 16-73%.) 

When heated on a water-bath with 5N HC1 for 6 hours, NH 3 was split off 
and phenylhydantoinacetic acid was obtained, m.p. 231-233°. (Found (Roth): 
N, 12-13%. Calc, for C n H 10 O 4 N 2 : N, 11-96%.) 

The ^-bromophenylcarbamido-derivative, recrystallized twice from alcohol 
as fine needles, contained 1 mol. of alcohol of crystallization, m.p. 175-176° 
(decorap.). (Found: Br, 21-18%. Calc, for C u H 12 0 4 N 3 Br,C 2 H 0 O: Br, 21-25%.) 
(After being heated at 102° for 2 hours, this product gave N, 12-68% (Roth). 
Calc, for C n fl 12 0 4 N 3 Br: N, 12-73%.) 

On treatment with hot 5N HC1, as above, a good yield of p-bromophenyl- 
hydantoinacetic acid was obtained. This hydantoin was recrystallized twice 
from alcohol and gave fine needles with m.p. 220°. (Found after heating at 
102-103° for 3 hours (Roth): N, 8-94; Br, 24-91%. Calc, for C n H 9 0 4 N 2 Br: 
N, 8-99; Br, 25-53%.) 

In these preparations, as in those of the glutamine derivatives, excess of 
phenyl- or p-bromophenyl-isocyanate was used (2-8 mol. of isocyanate per mol. 
of asparagine or glutamine). Even with this excess, there appears to be no 
reaction under the conditions of these experiments between the isocyanate and 
the acid-amide group. 

Glutamine. The phenylcarbamido-derivative of synthetic glutamine [Berg- 
mann ei al., 1933] was prepared in the usual manner. The washings from the 
precipitate and the original supernatant solution were combined and concen¬ 
trated in vacuo at the ordinary temperature. The product was precipitated by 
HgSC^ and the yield of crude substance was about 70 %. Two recrystallizations 
from alcohol gave needles, m.p. 161° (decomp.). (Found (Roth): N, 14-50%. 
Calc, for C 12 H 15 0 4 N 3 : N, 15-85%.) 

The low N content of this preparation is most probably due to a loss of 
amide-N during recrystallization. 

The corresponding p-bromophenylcarbamido-derivative was obtained as 
small needles after two recrystallizations from alcohol, m.p. 189°. (Found (Roth): 
N, 12-08; Br, 22-88%. Calc, for C 12 H 14 0 4 N 3 Br: N, 12-21; Br, 23-22%.) 

On treatment with hot HC1, the phenylcarbamido-derivative yielded phenyl- 
hydantoinpropionic acid. Long prisms from water; m.p. 160-161°. (Found 
(Roth): N, 11-63%. Calc, for C^O.N,: N, 11-29%.) 

The hydantoin obtained from the corresponding bromo-derivative gave long 
prismatic crystals (from alcohol), m.p. 200-201°. (Found (Roth): N,' 8-49; Br, 
24-57 %. Calc, for C 12 H u 0 4 N a Br: N, 8-56; Br, 24-43 %.) 



ACTION OF PHENYL /SOCYANATE ON INSULIN 1923 


Discussion. 

The primary object of the earlier part of the work described in the present 
paper was to find out whether differentiation of hypoglycaemic and hypophos- 
phataemic powers of insulin similar to that described by Davis et al. [1933) could 
be obtained by some other method. For reasons mentioned above, phenyl 
isocyanate was used as the inactivating agent. 

Typical results such as are given in Tables II and III, have failed to demon¬ 
strate any significant difference between these two activities of insulin. Thus the 
inactivation by phenyl isocyanate of the hypoglycaemic activity of insulin, an 
inactivation which appears to involve principally, if not entirely, the free amino- 
groups of the insulin [Hopkins & Wormall, 1934, 2; Jensen et al. 1934J, has in all 
our experiments been accompanied by a corresponding inactivation of the 
hypophosphataemie power. This parallelism between the two inactivation pro¬ 
cesses has been observed when varying amounts of phenyl isocyanate have been 
used and also when the reaction between the insulin and the isocyanate has 
been stopped, as far as this is possible, at different stages. 

These results do not, of course, offer any strong evidence against the view of 
Davis et al. that insulin owes its multiple activity (i.e. power to reduce the blood 
glucose, phosphate and amino-acid) to a number of “active groups’’, “centres ” 
or “units” which vary in stability towards inactivating agents. It appears 
highly probable that even if there are two or more activities associated with 
different parts of the insulin molecule, differentiation between these activities 
will not be possible with every inactivating agent. Numerous failures to de¬ 
monstrate a difference by other methods will not suffice?, therefore, to destroy 
the value of a single well-established differentiation. It seems highly desirable, 
however, that confirmation of the results of Davis et al. should be obtained, 
either by the use of the same methods which they used, or preferably by some 
other method of inactivation. As far as the present authors art? aware, there is 
little or uo further evidence that the hypophosphataemie action of insulin is due 
to anything other than the change which the insulin effects in the carbohydrate? 
metabolism of the body. 

The previously mentioned observations of Savino [ 1924] appear to show that 
tlie injection of insulin might cause a fall in the blood phosphate even if the 
normal blood sugar level is maintained by the injection of glucose; this result 
however might well be explained as follows. The injected insulin causes an 
acceleration of tissue oxidative and synthetic changes involving glucose, and 
this leads to the withdrawal of inorganic phosphate from the blood. Under 
normal circumstances therefore the lowering of the blood sugar and the reduction 
in blood phosphate following the injection of insulin should be closely related, 
but the maintenance of the blood sugar at its normal level, by the injection of 
glucose, would not prevent the reduction in the phosphate value. 

The main conclusion which can be drawn from the experiments described 
in this paper is that phenyl and p-bromophenyl isocyanates destroy the hypo- 
phosphataemic power of insulin just as readily as they do the hypoglycaemic 
activity. Inactivation by these reagents appears to be due to interaction with 
the free amino-groups of the insulin, and thus these groups appear to be essential 
components of both hypoglycaemic and hypophosphataemie factors or “centres” 
of the hormone. 

In the second part of this paper, further efforts to determine whether the 
action of phenyl and p-bromophenyl isocyanates on insulin and other proteins 
is limited to the free amino-groups are described. Experiments have been 
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carried out with various amino-acids to find out whether phenolic groups and 
basic groups, other than a-amino-groups and the e-amino-groups of lysine, are 
attacked by these isocyanates. Tn all these tests, a considerable excess of iso¬ 
cyanate was used, but no evidence was obtained that, under the conditions used 
for the inactivation of insulin and for the preparation of other phenylcarbamido- 
protein derivatives, there is any reaction with the following groups; the hydroxyl 
group of tyrosine, the acid-amide groups of glutamine and asparagine or the 
iminazole group of histidine. Experiments made with cystine appear to show 
that no significant change occurs in the S—S group of this amino-acid. In the 
case of cysteine however rapid condensation with the SH group occurs, but since 
insulin gives a negative nitroprusside reaction and does not appear to contain 
free SH groups fcf. Schoek et al. 1935; Jensen et al. 1936], reaction with this 
group cannot be a contributory cause of the inactivation of the hormone by 
phenyl isocyanate. The tests made with phenyl isocyanate and arginine show 
that there may be some interaction with the guanidino-group, but this reaction 
is probably not as rapid or as complete as the reaction with a-amino-groups or 
the €-amino-group of lysine. This partial reaction with the guanidino-group of 
arginine offers special interest in view of the marked hypoglycaemie effect of 
certain guanidine derivatives, and further work is being carried out in this 
connexion. From the evidence available at the present time, it does not appear 
probable that a change in the guanidino-group of insulin is the main or even a 
contributory cause of the inactivation of insulin bv phenyl isocyanate, a process 
which is very rapid and complete. 

Other amino-acids which are known to react with phenyl isocyanate are 
proline [Fischer, 1901] and hydroxyproline [Fischer, 1902], but since insulin 
does not contain the latter [Jensen et al. 1932], only the former amino-acid need 
be considered here. Jensen & Evans [1935] obtained evidence of the presence of 
proline in insulin, but were unable to isolate the phenylhydantoin of this amino- 
acid from small amounts of hydrolysed phenylcarbamido-insulin. In view of 
this, and since zein, which contains 9 0% of proline [Osborne & Liddle, 1910] 
does not react with p-bromophenyl isocyanate [Hopkins & Wormall, 1933, 1] 
it seems justifiable to conclude that the formation of phenylcarbamido-protein 
derivatives does not involve any significant change in the proline grouping. 

From these results with amino-acids it does not necessarily follow that 
similar reactions will occur with natural or derived proteins. One is probably 
justified however in concluding that if phenyl isocyanate does not react with a 
given group in an amino-acid, there is a strong probability that no reaction will 
occur with this group when the amino-acid is linked to many others. It is the 
intention of the authors to carry out a few tests with certain peptides, but there 
appears to be no strong reason to suspect that the results will differ from those 
obtained with the simple amino-acids. 

In all these later investigations therefore no evidence has been obtained 
which necessitates modification of the view previously expressed that phenyl 
isocyanate reacts only with the e-amino-groups of lysine and any free a-amino- 
groups present in proteins. Furthermore, the close relationship between the 
bromine contents of p-bromophenylcarbamido-derivatives of insulin and other 
proteins and the theoretical values, calculated from the decrease in free amino-N 
as a result of the action of the isocyanate or from the free amino-N content of 
insulin [Hopkins & Wormall, 1933, 1; 1934, 2], appears to be strong evidence 
against the view that the reaction involves other groupings of the protein. With 
the majority of native proteins the lysine probably accounts for the whole of 
the free amino-N, but this is not true for insulin. Jensen & Evans [1935] have 
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produced satisfactory evidence that a further portion, but not the whole, of this 
additional free amino-N of insulin is present in phenylalanine groupings. Further 
work is being carried out on the phenylcarbamido-derivatives of insulin and other 
proteins in the hope that more information will be obtained about these im¬ 
portant free amino-groups. 

Summary. 

1. The hypophosphataemie activity of insulin is destroyed by phenyl 
isocyanate in the same way as is the hypoglyeaemic power. 

2. In these experiments, the destruction of the hypoglyeaemic power has 
been parallel with the destruction of the hypophosphataemie power. This 
relationship has been found (a) when varying amounts of phenyl isocyanate 
were used and (6) when the inactivation process was stopped at different stages. 

3. Davis et al. [1933J, using acid alcohol and soft X-rays to inactivate insulin, 
concluded that different “ active groups’’ of the hormone are responsible, for the 
two activities mentioned above. In the work described in this paper, no similar 
differentiation has been found possible with phenyl isocyanate as the inactivating 
agent. 

4. Further investigations have been carried out to determine whether the 
action of phenyl and p-bromophenyl isocyanates on insulin and other proteins 
is confined to the free a-amino-groups. It has been found that these isocyanates 
do not react, under conditions similar to those maintained in the preparation of 
phenylcarbamido-protein derivatives, with the hydroxyl group of tyrosine, the 
acid-amide groups of asparagine and glutamine or the iminazole group of histi¬ 
dine, nor is there any significant change in the S—S linkage. The SH group of 
cysteine (and similar compounds) reacts with phenyl isocyanate, but it is not 
necessary to consider this interaction in the case of insulin which contains no 
free SH groups. 

Phenyl isocyanate reacts with the pyrrolidine group of proline and to some 
extent with the guanidino-group of arginine. From the evidence available, 
however, it is believed that these reactions, even if they occur when insulin is 
inactivated by phenyl and p-bromophenyl isocyanates, do not account for the 
inactivation of the hormone. 

The authors take this opportunity of expressing their indebtedness to 
the Medical Research Council for personal grants and for a grant which 
has, in part, defrayed the expenses of these investigations. They also have to 
thank Messrs Boots Pure Drug Co. Ltd., for a generous supply of insulin and 
Mr G. Higgins for his assistance with some of the blood sugar and phosphate 
determinations. 
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IV. OBSERVATIONS ON THE CHEMISTRY 
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Since Howell & Holt [1918] demonstrated that dog liver contained a substance, 
heparin, that retards the coagulation of blood in vitro , much work has been 
done to devise methods for isolating very active preparations of this material. 
Chemical analyses of such products, however, have differed greatly, owing to the 
fact that the substance has not yet been isolated in pure form. Howell [1928] 
obtained a product which was N- and P-free arid concluded that heparin was a 
derivative of glycuronic acid. Schmitz & Fischer [1933] believed heparin to be 
a trisaccharide C J8 H 32 0 17 containing one? carboxylic group. The product isolated 
by Scott & Charles [1933] gave a positive a-naphthol reaction but the test for 
glycuronic acids with naphthoresorcinol was negative. Their preparation con¬ 
tained approximately 2 % N and was readily inactivated by nitrous acid. These 
facts suggested the presence of an amino-group essential for the physiological 
action of heparin. The more recent work of .Jorpes [1935] has contributed much 
to the chemistry of heparin. His results led him to advance the theory that 
heparin is a chondroitin polysulphuric acid which would explain the difficulties 
encountered in attempting to remove inorganic impurities from heparin pre¬ 
parations. He also found that his product contained approximately 2% X 
and gave no test for glycuronic acid. Schmitz [1935] more recently has isolated a 
very active preparation which was not a sulphuric acid derivative and which 
contained only 4-5 % ash. 

Because of the divergence of opinion as to the chemical nature of heparin, 
much work has been done in these laboratories in an attempt to isolate this 
substance in pure form. The active substance is completely soluble in formamide 
and in butylamine but addition of other organic liquids to solutions of heparin 
in these solvents produces only amorphous precipitates. It was thought that 
perhaps the failure to crystallize heparin was due to its high ash content. 
The heparin was therefore prepared as the calcium salt and, after removal of 
calcium, reprecipitated with glacial acetic acid, yielding a product usually with 
about 5% ash. Further attempts to reduce the ash content were unsuccessful 
until it was found that precipitation of heparin from aqueous solutions by 
means of benzidine reduced the ash content to 0-7 %. Attempts to crystallize 
the resultant preparation by means of various solvents or as an alkaloidal salt 
only resulted in amorphous products. Finally barium acetate was used and a 
crystalline barium salt was obtained. The details of the procedure used for 
isolating the crystals as well as their analyses and other chemical findings an* 
recorded below. 

Experimental. 

To prepare heparin containing about 60 units per mg. we have used as our 
initial material crude heparin obtained from ox lung according to The method 
previously described [Charles & Soott, 1934]. Following our usual procedure 

( 1927 ) 
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[Scott & Charles, 1933] the crude anticoagulant was then purified by Lloyd’s 
reagent and acetic acid. The product contained 15 units per mg. Using this 
material highly active preparations of uniform activity wore obtained in the 
following manner. 

20 g. of heparin (15 units per mg.) are dissolved in 21. of water. The reaction 
is adjusted to pH 5*0 with glacial acetic acid and 20 g. of Lloyd’s reagent are 
added; after 12-15 hours, the mixture is filtered by suction. The reaction of the 
filtrate is adjusted with acetic acid to pH 4*0 and 20 g. of Lloyd’s reagent are 
added. After filtration, NaCl is added to 0*85% followed by acetone (approx. 
25 % final concentration) to produce a flocculent precipitate. The precipitate is 
removed by centrifuging and discarded and the heparin precipitated from the 
clear centrifugate by the addition of acetone to a final concentration of 66 %. 
After 12-15 hours, the clear supernatant liquid is removed by filtration and the 
precipitate washed thoroughly with alcohol and dried. 6 g. of this material are 
then dissolved in 300 ml. of water and 10% CdCl 2 is added until no further 
precipitation occurs; after 4-5 hours the mixture is centrifuged and the pre¬ 
cipitate rejected. NaCl is then added to the clear liquid to 0*85% and the 
heparin precipitated by adding 2 vol. of acetone. The purified heparin is se¬ 
parated by filtration, washed with alcohol and dried. The activity is 60-65 units 
per mg. 

About 70 % of the original potency is recovered in the highly purified form 
by this method. The preparations, however, contain a larger proportion of in¬ 
organic material, the greater part of which can be removed in the following 
manner. 1 g. of the purified heparin (60 units per mg.) is dissolved in 30 ml. of 
water and acidified to about pH 5 with acetic acid. To this is added 1 ml. of a 
saturated solution of ammonium oxalate. The mixture is warmed to 50° and 
centrifuged. The process of adding oxalate solution, heating and centrifuging 
is repeated until the addition of ammonium oxalate to the supernatant liquid no 
longer gives a precipitate. The clear brown supernatant liquid is decanted and 
evaporated to dryness in vacuo . The residue is dissolved in 5 ml. of water and the 
heparin precipitated by the addition of 45 ml. of acetic acid. After centrifuging 
the precipitate is redissolved in 5 ml. of water and reprecipitated with 45 ml. of 
glacial acetic acid. The precipitate is washed with alcohol and ether and then 
dried, yielding a white powder containing 70-80 units per mg. and about 5 % 
ash. 

Many attempts were made to reduce further the ash of this purified heparin. 
It seemed likely that the inorganic material was held in combination with the 
acid groups of heparin. Neuberg & Schuchardt [1935] have shown that benzidine 
combines with the phosphoric acid group of phosphoglyceric acid and it seemed 
probable that benzidine might combine with the acid groups of heparin. Further¬ 
more, the benzidine could subsequently be removed from such a complex by 
treatment with aqueous solutions of sodium or ammonium hydroxide. Using this 
process, it has been found that the ash content of heparin can be reduced to 
0*7 % by the fallowing treatment. 100 mg. of heparin, after the ammonium 
oxalate treatment, are dissolved in 2 ml. of water and 5% benzidine hydro¬ 
chloride in dilute HC1 is added, giving a brown tarry precipitate. The addition of 
the benzidine solution is continued until, after centrifuging, no further precipitate 
is obtained. The precipitate is washed thoroughly with methyl alcohol and 
dried. This material is then suspended in water (5 ml. per 100 mg.) and made 
alkaline with sodium or ammonium hydroxide. The mixture is heated to 75° 
until a clear brown solution is obtained. When the solution is coaled slowly to 6° 
the benzidine precipitates and is removed by centrifuging. The supernatant 
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A photomicrograph of the crystalline barium salt of heparin. 
Magnification >' lO(M). 
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liquid is brown and contains a few small crystals of benzidine which are dissolved 
by adding 2 vol. of methyl alcohol. From this solution the heparin is precipitated 
by 2 vol. of ether and after washing with alcohol and ether is dried. This material 
is then dissolved in 5 ml. of water and the heparin precipitated by the addition 
of 45 ml. of glacial acetic acid. The precipitate is washed twice with 90% 
acetic acid, then with alcohol and ether. The dried material contains only 
0-7% ash. 

Barium salt of heparin. 50 mg. of the heparin of low ash content (0-7 %) are 
dissolved in 4 ml. of water and 1 ml. of 5 % barium acetate is added. This causes 
a slight turbidity. After 12*-] 5 hours at 20° a brown tarry inactive material 
separates. The clear centrifuged supernatant liquid is decanted and to it 1 ml. of 
glacial acetic acid is added. A white precipitate forms which is dissolved by 
heating to 70-75°. When cooled slowly to room temperature a crystalline 
precipitate forms. A photomicrograph of the crystals is shown in Plate IV. The 
mixture is cooled to 6° for several hours and then centrifuged. The crystals are 
washed twice with 90% acetic, acid, methyl alcohol and finally with ether; the 
final traces of ether are removed in vacuo. Two samples of crystals were prepared, 
each obtained from different lots of lung. The results of the chemical analyses of 
both crystalline preparations are shown in Table I. Samples of the crystals 
were ashed in the presence of oxygen. To other samples, one or two drops 
of H 2 S0 4 were added before ashing. Since the weights of ash determined by 
each procedure were practically identical, the inorganic material must have been 
present as a sulphate. In the preparation of sample I the benzidine was removed 
by treatment with ammonia, whereas in sample II NaOH w r as used. The ash 
contents however, were essentially the same. Since the use of NaOH did not 
increase the ash content, the inorganic substance forming the ash must be 
BaS0 4 . The total S was found by first estimating the S present as volatile S0 3 by 
the method of Pregl [1930] which wa-s found to be 4*78 %. The residue was then 
ashed and from the inorganic material (BaS0 4 ) it was found that the non-volatile 
S was 4-58 %. Hence the total S in the crystals is 9*36 %. These S values indicate 
that Ba is present in the crystalline salt in the form RS0 3 —Ba—S0 3 R, From 
such a substance, one-half of the S content would be determinable as an oxide of 
S, whilst the other half would be estimated as non-combustible material in the 
form of BaS0 4 . 


Ba salt of heparin 
Sample I 
Sample II 

Ba-free heparin (ealc.) 
Sample I 
Sample II 


Table I. Analysis of heparin. 
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The amino-N content of the crystals (Van Slyke) was found to be 0-40%. 


On heating in a platinum boat at 110° in a current of dry air the crystals 
attained constant weight in 2 hours, the loss in weight being 5 %. 

An attempt was next made to remove the Ba and analyse the ash-free 
material. Again the use of benzidine was found to be the most satisfactory 
means of accomplishing this. 

Benzidine saB of heparin . 200 mg. of crystals are dissolved in 10 ml. of 
water. Benzidine hydrochloride in dilute HC1 is added until no further pre¬ 
cipitate forms. This precipitate is washed, first with methyl alcohol, then with 



1930 A. F. CHARLES AND D. A. SCOTT 

ether and dried. The material is suspended in 10 ml. of water and N NaOH 
added until alkaline. The suspension is heated to 70-75° and the resulting clear 
solution cooled slowly to 0°. The benzidine is removed by centrifuging, and the 
heparin precipitated by the addition of 9 vol. of acetic acid. After washing 
thoroughly with methyl alcohol and ether, the material is dried, redissolved, 
precipitated again as the benzidine compound and the benzidine removed as 
described above. The resultant product is dissolved in 7 ml. of water and the 
benzidine compound again formed. The precipitate is washed thoroughly with 
alcohol and ether and dried. Analyses of this compound are shown in Table 11. 
Since the S content of Ba-free heparin is 11 -56 %, and the benzidine-heparin 
compound contains 8*46% S, it can readily be calculated that heparin con¬ 
stitutes 73*3% of the benzidine-heparin compound. From this relationship the 
composition of benzidine-free heparin is estimated and is also shown in Table TT. 


Table II. Analysis of heparin. 



C 

H 

N 

S 

Ash 

Material 

o, 

/o 

o/ 

,o 

O' 

/o 

<>/ 

/o 

% 

Benzidine-lieparin compound 

38-05 

5-40 

5-60 

8-46 

1-09 

Benzidine-free heparin (calc.) 

23-09 

4-99 

2-10 

11-54 

— 


Miscellaneous experiments. 

Action of nitrous acid on heparin. The crystalline material when treated with 
NaN0 2 in the presence of acetic acid (pH 4*0) was almost completely inactivated, 
whilst no inactivation occurred in solutions having pH 7 or higher. Solutions of 
heparin at pH 4 without NaN0 2 showed no loss of potency under similar con¬ 
ditions. 

Action of formaldehyde on heparin. The heparin crystals, on treatment with 
about 100 parts of formalin for 1 hour at 45° at pH 8 and pH 4 lost about 50% 
of their activity. Controls run under the above conditions in the absence of 
formaldehyde showed no loss. 

Colour tests. The Molisch test for carbohydrate compounds was positive. 
The naphthoresorcinol test for glycuronic acid was negative as was Tollens’s 
phloroglucinol reaction for pentoses or glycuronic acid. Control tests showed 
that heparin did not interfere with these reactions. 

Action of acid alcohol on heparin. The benzidine was removed from the 
benzidine-heparin compound by treatment with ammonia as described above. 
10 mg. of this material were dissolved in 1 ml. of 0* 1 N HC1 in 95 % methyl alcohol. 
This solution was kept at 10° for 20 hours. The heparin was precipitated by the 
addition of 9 ml. of glacial acetic acid, washed with ether and dried. A weighed 
sample of this material was assayed and found to have lost approximately 80 % 
of its potency. The acetic acid supernatant liquid from the inactivated heparin 
was evaporated to dryness and the residue redissolved in 1 ml. of water. When 
tested with barium acetate this solution gave a precipitate indicating the pre¬ 
sence of S0 4 "\ A control experiment in which the heparin was precipitated 
immediately from acid alcohol without loss of potency did not show the presence 
of SO** in the filtrate. When acid water was used instead of methyl alcohol no 
inactivation of the heparin occurred over 20 hours. 

Physiological assay . 

In the present investigation the two crystalline samples of heparin were 
compared physiologically with two standardized preparations. The first standard 
was prepared in these laboratories and was three times as active Os the com- 
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mercial product of Hynson, Westcott and Dunning. This ratio has been checked 
many times. The second was the commercial material of Hynson, Westcott and 
Dunning. This was used so that the unitage of the crystalline heparin could be 
directly correlated with the more active preparation of Jorpes. 

The method of assay was as follows. 3-520 mg. of sample 1 1 were dissolved in 
3-50 ml. of isotonic saline, and 5-282 mg. of sample II in 5-30 ml. of isotonic 
saline. Each dilution was diluted further 1:40, 1:45 and 1:50. In order to 
compare the potency of our material with that of Jorpes, a solution of com¬ 
mercial hoparin (Hynson, Westcott and Dunning) was made containing 3-643 mg. 
in 7-30 ml. This latter solution was used without further dilution. Into a series 
of tubes 0-1, 0*2 and 0-3 ml. of each solution was measured. Isotonic saline was 
added where necessary to bring the volume in each tube to 0-3 ml. By means of 
a cannula inserted in the carotid artery of a cat anaesthetized with sodium 
amytal, 0-7 ml. of blood was added to each tube. The tubes were kept at 20° for 
2 hours and then examined. Tt was found that sample I or sample II in a con¬ 
centration of 1 mg. in 45 ml. showed the same potency as the control solution 
containing 1 mg. in 2*0 ml. Hence the ratio of the activity of the crystals to that 
of the commercial product of Hynson, Westcott and Dunning is approximately 
22:1. Thus the crystals are about twice as active as the purest preparation 
isolated by Jorpes. When the assay was performed by the method formerly 
described by us [Scott & Charles, 1933] the crystals had a potency of approxi¬ 
mately 500 units per mg. 

Discussion. 

A method of obtaining very active heparin preparations has been described. 
Using this procedure a quantity of heparin was purified from different lots of 
ox lung. After reducing the ash content of these preparations to 0-7% by 
means of ammonium oxalate and by benzidine, the crystalline barium salt 
was formed. Analyses of each lot of crystals are in agreement (Table I) and 
when calculated on a Ba-free basis, the results indicate that the empirical 
formula of heparin can be expressed as C 2b K fi ^O b0 N 2 S B . From the analytical and 
qualitative results it appears that S is present in heparin in the form —SO s H. 
The positive Molisch reaction indicates that a carbohydrate grouping is present 
in crystalline heparin. Tests with naphthoresoreinol and with phloroglucinol 
were negative, indicating the absence of glycuronic acid and pentoses. The fact 
that negative tests were obtained substantiates our former findings and agrees 
with the more recent results of Jorpes. The possibility that the carbohydrate 
is combined with the —S0 3 H groups as in chondroitin sulphuric acid has been 
suggested by Jorpes. Indirect evidence that such may be the case is indicated 
by the work of Bergstrom [1936] who showed that certain polysaccharides, when 
sulphonated, had a definite anticoagulant action on blood. Further, our work 
shows that when ash-free heparin was treated with methyl alcohol containing a 
small amount of HC1, (O-liV'), at 10° the potency was destroyed and that this 
inactivation was accompanied by the liberation of S0 4 ~. Gebauer-Fuelnegg & 
Dingier [1930] have shown that —S0 3 H groups can readily be removed from 
sulphonated cellulose by treatment with acid methyl alcohol. The fact that the 
potency of the heparin inactivated by methyl alcohol could not be recovered 
with aqueous or alcoholic NaOH indicates that the loss in potency was not due 
to esterification. Finally, it should be noted that the analyses are not in agree¬ 
ment with Jorpes’ view that heparin is a chondroitin polysulphuric acid, the 
carbon content of heparin being much too low. However, it is quite possible 
that heparin is very similar in structure to chondroitin sulphuric acid. 
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From the crystalline salt of heparin an amorphous benzidine-heparin com¬ 
pound was prepared. The composition of heparin calculated from the analysis 
of this compound (Table II) is practically identical with that estimated for ash¬ 
free heparin from the Ba salt (Table I). 

The crystalline Ba salt of heparin contains N, part of which is associated with 
the anticoagulant action, as shown in experiments with nitrous acid or formal¬ 
dehyde. This confirms our earlier findings [Scott & Charles, 1933]. The inacti¬ 
vation does not appear to be due to acidity since the control solutions showed 
no loss in potency. Neither can the inactivation be ascribed to oxidation or 
reduction since heparin is comparatively stable to such reagents. An estimation 
of amino-N (Van Slyke) showed that only about 25 % of the N was present in 
this form. 

The physiological activities of heparin preparations obtained by different 
workers are difficult to correlate. This is largely due to the fact that different 
methods of assay have been used. In these laboratories known amounts of 
heparin were mixed with cat blood and the samples kept for a definite time 
before being examined. Jorpes, on the other hand, used ox blood and inverted 
the tubes at certain intervals during the test. Fischer & Schmitz [1935] have 
defined the unit in terms of the clotting time of a system of hen plasma and 
muscle extract. These considerations, together with the fact that no common 
standard preparation has been used, have contributed to a lack of uniformity in 
expressing the unitage of heparin preparations. It seems logical that the unit 
should be expressed in terms of a highly active material which can readily be 
prepared and which is of uniform composition and activity. Further, definite 
conditions for the assay of heparin should be established with the object of 
obtaining the most reliable method for the comparison of different preparations. 
The crystals, when assayed physiologically by the method formerly described 
[Scott & Charles, 1933], showed a potency of about 500 units per mg. In order 
to obtain a relation between the potency of Jorpes’s most active preparation 
and the crystalline material, the activity of the latter was compared with the 
commercial product of Hynson, Westcott and Dunning. It was found that the 
crystals were 22 times as active as the commercial product. This is about twice 
the potency of Jorpes’s preparation. 

Summary. 

A method has been described for obtaining very active preparations of 
heparin. Benzidine was found to be most satisfactory for removing inorganic 
materials. The crystalline barium salt was formed and analyses showed that the 
empirical formula of heparin could be expressed as C^HegO^NgSg. An amorphous 
benzidine-heparin compound was formed, analysis of which gave the same 
empirical formula for heparin. Evidence has also been presented confirming 
the finding of Jorpes that the sulphur is present in heparin as —SO a H groups. 
The crystalline product contained nitrogen, part of which was present as 
—NH 2 groups. Experiments with nitrous acid and formaldehyde indicated that 
the amino-nitrogen was associated with the physiological activity of heparin. 
Certain colour tests indicated the presence of a carbohydrate complex and the 
absence of pentoses and glycuronic acid. Potency assays showed that the 
crystalline preparation was 22 times as active as the commercial standard used 
by Jorpes. 

We wish to acknowledge our indebtedness to Dr H. Stantial for the chemical 
analyses, and to Dr J. Craigie for the photomicrograph. 
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In the first paper of this series Stickland [1934] showed that washed cells of 
Cl. sporogenes were able to bring about the linked oxidation and reduction of 
pairs of amino-acids. He considered that these reactions were probably the 
source of energy for the growth of this organism on protein digest media. The 
amino-acids that were activated as H donators, i.e. oxidized, were: c/-alanine, 
/-leucine, d-valine, and to a less extent /-histidine, /-phenylalanine and some 
others. The amino-acids activated as H acceptors, i.e. reduced, were: glycine, 
/-proline and /-hydroxyproline. Reactions occurred between any H donator and 
any H acceptor in the presence of washed cells of Cl. sporogenes. Serine, tyrosine 
and to a small extent, glycine were broken down in the absence of any other 
amino-acid. In following papers Stickland [1935, 1, 2, 3] worked out in detail 
the chemistry of some of these linked reactions. 

The work of Fildes A; Richardson [1935] makes it almost certain that the 
“ Stickland reaction ” is in fact the main source of energy for the growth of these 
organisms. These workers were able to obtain good growth of Cl. sporogenes on a 
medium consisting of pure amino-acids, salts and “sporogenes vitamin” only. 
Furthermore they found that “the conclusions of Stickland upon the sources of 
energy available for this organism are in agreement with growth experiments”. 

Bessey A King [1934] have found that arginine, alanine, glutamic acid, 
tyrosine and cystine are deaminated when incubated alone with washed sus¬ 
pensions of Cl. sporogenes. In the cases of alanine and glutamic acid the apparent 
discrepancy between their results and those of Stickland is possibly explained by 
the duration of the experiments (3-10 days) and the small amount of substrate 
used (if/300). It seems possible that in Bessey A King's experiments alanine 
and glutamic acid, which are H donators, were deaminated by reacting with H 
acceptors formed by the autolysis of the bacterial suspension itself. The case of 
arginine and cystine will be discussed later. 

The work reported in the present paper was undertaken in an attempt to 
correlate chemical structure with the power of acting as H donator or as H 
acceptor in the “Stickland reaction". In the course of the experiments it was 
found that ornithine and arginine acted powerfully as H acceptors and in addi¬ 
tion were partially deaminated by Cl. sporogenes in the absence of other amino- 
acids. Similarly it was found that cysteine was deaminated alone in addition to 
being activated as H donator. The ornithine reaction will be dealt with fully in 
the present communication; preliminary experiments with cysteinejmd arginine 
are also reported. 


( 1934 ) 
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Preparation, of bacterial suspensions. 

The organism used was Cl. sporogenes (Bellette) and was obtained from the 
National Collection of Type Cultures (No. 533). This is the same strain as that 
used by Stickland [1934] and by Fildes & Richardson [1935]. If the suspensions 
were prepared as described by Stickland [1934] they were found to be occasionally 
inactive (10% of cases). The following procedure gave better growth and more 
consistently active suspensions. 900 ml. tryptic caseinogen digest broth were en¬ 
riched by the addition of 2 g. wet weight of Lab-lemco (beef extract) and sown 
immediately after autoclaving and rapid cooling from a culture of Cl. sporogenes 
on Robertson’s meat medium. The flask was then put at once into a McIntosh & 
Fildes’s anaerobic jar and incubated at 38°. Under these conditions good growth 
and active suspensions were obtained after only 20 hours; longer incubation led 
to spore formation and less active suspensions. The 20-hour cultures wero there¬ 
fore spun down on the centrifuge and the bacteria washed twice on the centrifuge 
with Ringer’s solution. The cells from 900 ml. broth were usually finally sus¬ 
pended in 20 ml. Ringer’s solution. 

Experimental methods. 

In order to determine whether a given substance could be activated by the 
organism either as H donator or acceptor, use was made of the fact that during 
these coupled reactions the amino-acids are often deaminated with liberation of 
ammonia. In testing a substance for activity as H donator it was incubated in 
the presence of Cl. sporogenes with an H acceptor known to give rise to ammonia 
on reduction (e.g. glycine). Similarly in testing for an H acceptor the substance 
was mixed with an H donator known to give rise to ammonia on oxidation (e.g. 
alanine). A control was always done with two amino-acids known to react, Buch 
as alanine and proline, in order to be certain that the bacterial suspension was 
active. 

Ammonia was estimated as described by Stickland [1934] by distilling 2 ml. 
samples from 50% alcohol-borate buffer pH 10 mixture into NjlOO ff 2 S0 4 and 
back-titrating the latter with Nj 100 C0 2 -free NaOH. All experiments were done 
anaerobically at 37° in evacuated Thunberg tubes. 

Experimental results. 

1 -Cysteine. 

Stickland [1934] found that serine acted as H donator to glycine in addition 
to being partially deaminated when incubated alone with Cl. sporogenes. In 
view of the close structural relationship of serine and cysteine it was decided 
to test the action of the organism on the latter amino-acid. Bessey & King [1934] 
found that cystine was deaminated to the extent of 15% by washed cells 
of Cl. sporogenes and Tarr [1933] has reported a 43% formation of H 2 S. The 
cysteine solution used in the following experiments was prepared from Z-cysteine 
hydrochloride and was neutralized just before use in order to avoid autoxidation. 
Thunberg tubes were set up containing 0*5 ml. M/5 phosphate buffer pH 7,1 ml. 
bacterial suspension, substrates as specified below and water to a total volume of 
2*5 ml. Control tubes containing no substrate were also put up. Sets of tubes 
were taken out of the bath at intervals and the ammonia formed estimated. 
After 3 hours there was no increase in ammonia in any case and the results 
obtained are summarized in Table I. In each case the no-substrate control has 
been deducted (a small amount of NH 8 is always formed from the autolysis of the 
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Table I. 

Substrate 

(1) Z-Cysteine 

(2) cZ-Alanine 

(3) Z-Proline 

(4) Glycine 

(5) d-Alanine + Z-proline 

(6) d-Alanine + Z-eysteine 

(7) Z-Cysteine +Z-proline 

(8) Z-Cysteine + glycine 

(9) (/-Alanine+Z-proline minus (2) and (3) 

(10) d -Alanine + Z-cysteine minus (1) and (2) 

(11) Z-Cysteine -fZ-proline minus (1) and (3) 

(12) Z-Cysteine + glycine minus (1) and (4) 

Quantities used: cysteine and alanine, 0-5 ml. M/10; glycine 

suspensions). Qualitative tests for H 2 S were positive in all tubes containing 
cysteine. The results show that cysteine is only 50% deaminated (1), since 
0*5 ml. M\ 10 cysteine would yield 5 ml. Nf 100 NH 3 on complete deamination. 
The proline-alanine control (9) was complete in 3 hours and longer incubation of 
the cysteine tubes (10 hours) gave no increase in NH 3 . This fits in with the 
approx. 50 % formation of H 2 S found by Tarr [1933]. In addition to the deami¬ 
nation which occurs when cysteine is incubated alone with the bacterium, some 
extra ammonia beyond the controls is formed when cystine is mixed with glycine 
or proline, (11) and (12); cysteine therefore also acts as H donator. No extra 
ammonia was produced from cysteine-alanine mixtures (10) showing that 
cysteine does not act as H acceptor. The behaviour of cysteine was entirety 
analogous to that found for serine by Stickland [1934]. The metabolism of 
cysteine (and cystine) by Cl. sporogenes is being further investigated. 

Olycollic acid . 

Glycine has been shown by Stickland [1934] to act as a H acceptor. The 
question arises whether the substitution of a OH group for the NH 2 group 
of glycine destroys this power. The experimental details were the same as for 
the cysteine experiments. The results showed that glycollie acid can act neither 
as donator to glycine nor as acceptor to alanine. The alanine-proline control 
showed that the bacterial suspension was active. It is evident that the replace¬ 
ment of the NH 2 of glycine by OH completely destroys its capacity as H acceptor 
in the presence of Cl. sporogenes. 

fi-Alanine. 

In order to determine the effect on the activity of alanine as H donator of 
shifting the NH 2 group from the a- to the ^-position, experiments were carried out 
with /S-alanine. The general plan of the experiments was again the same as 
with cysteine. The results showed (a) that /8-alanine was not deaminated when 
incubated alone with the organism, and (b) that no NH 3 was formed from 
mixtures of /3-alanine and proline or of a-alanine and /3-alanine, indicating that 
/8-alanine acts neither as H donator nor as H acceptor in the “Stickland reaction”. 

Similar experiments with taurine, CHgNHjjCHgSOgH, showed this acid also 
to be inactive as either donator or acceptor. 

d-Ornithine. 

{-Proline [Stickland, 1934] acts as H acceptor and gives rise to 8•'amino- 
valeric acid dn reduction [1935, 1]. Ornithine has a similar C chain to proline 
and there is some evidence [Ackermann, 1907-10] that it may also give rise 


NH. formed as 
ml. N /100 

2-57 

0 

0 

009 

4-78 

2- 59 

3- 43 
3*72 

4- 78 
002 
0*8f» 

106 

and proline, 0-5 ml. M/o. 
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to S-aminovaleric acid on putrefaction by mixed cultures of bacteria. The action 
of washed suspensions of Cl . sporogenes on ornithine was therefore tested. The 
ornithine solutions used throughout this section were prepared from ornithine 
hydrochloride (Hoffmann La Roche) and were carefully neutralized before use. 

Preliminary experiments, (a) Activity as H acceptor . Thunberg tubes were 
set up containing 1 ml. phosphate buffer pH 7, 1 ml. bacterial suspension, 
substrates as specified below and water to a total volume of 4 ml. Controls 
containing (a) no substrate and (b) no bacterial suspension were also put up. 
After subtracting the no-substrate blank the following results were obtained 
after 3*5 hours 1 incubation: 

NU S formed as 


Substrate ml. Nf 100 

(1) 1 ml. Mj 10 </-alanino 0-2 

(2) 1 ml. M/iO (/-ornithine 7-2 

(3) 1 ml. Ml 10 (/-alanine +1 ml. M /10 (/-ornithine 15-7 

(4) Alanine t ornithine minus (1) and (2) 8-3 

(5) Alanine \ ornithine (no bacterial suspension) 0 


It will be seen (2) that ornithine is deaminated to a considerable extent when 
incubated alone with the organism, but in addition it forms a large amount of 
extra NH 3 , beyond the controls, when mixed with alanine (4). Ornithine there¬ 
fore acts as H acceptor to alanine. There is no NH 3 formation in the absence of 
bacterial suspension (5). 

The fact that ornithine is activated by CL sporogenes as H acceptor was 
confirmed by the indicator method. It can be shown that ornithine is able to 
reoxidize (i.e. accept H from) reduced berizylviologen in the presence of the 
bacterial cells. Hollow-stoppered Thunberg tubes were set up containing in the 
main tube 1 ml. buffer pH 7, 1 ml. J//2000 benzylviologen and 1 ml. bacterial 
suspension. The stoppers contained 0*5 ml. M /5 substrate. The tubes were 
thoroughly evacuated and incubated until the dye had been completely reduced 
by the reducing blank of the bacterial suspension. The contents of the stoppers 
were then tipped in and the time taken for complete reoxidation of the dye 
noted. The results obtained were: 


Substrate 


Rcoxidation time 


Water 

/-Proline 

(/-Ornithine 


Not reoxidized 
3 min. 

3 min. 


(6) Activity as H donator. Ornithine was also tested for activity as H donator 
by incubation with the acceptors glycine and proline. The considerable deamina¬ 
tion of ornithine when incubated alone with the organism was confirmed, but no 
extra ammonia was formed in the presence of either glycine or proline indicating 
that ornithine has no H-donating action. This result was confirmed by methylene 
blue reduction experiments. 

Oxidizing level of ornithine. Alanine, in the presence of Cl. sporogenes , is able 
to reduce oxidation-reduotion dyes down to berizylviologen (rH 3 at pH 7-5), 
while it was shown above that ornithine is able to reoxidize reduced benzyl- 
viologen. An oxido-reduction reaction between these two amino-acids is there¬ 
fore possible and, as has been shown in the preliminary experiments, does m fact 
take place. The exact oxidizing level of the ornithine system was estimated by 
indicator reoxidation experiments similar to those described above with benzyl- 
viologen; if the reducing blank of the suspension was insufficient to reduce the 
indicator 0*5 ml. M/200 alanine was added. Controls in which water was tipped 
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in instead of ornithine were done in each case. The following results were 
obtained: 

Indicator rH of indicator Reoxidation 

Benzylviologen 3 (at pH 7-5) + 4- 

Neutral red 3*0 + + 

Rosinduline 4*5 -I- + 

Phenosafranine 5*5 + 4 

Ethyl Capri blue 11*5 — 

4 4- indicates coraploto reoxidation. 

Ornithine is therefore able to reoxidize all leuco-dyes up to phenosafranine 
(rH 5-5) but fails to reoxidize leuco-ethyl Capri blue (rH 11*5) so that the rH of 
the ornithine system lies between these values; no suitable indicator for use with 
Cl . sporogenes between these values exists [Stickland, 1934]. Comparison of these 
results with those given by proline [Stickland, 1934] shows that the potential 
levels of these two systems, as far as dye* experiments can show, must be fairly 
close. 

Reaction of ornithine with various H donators. Proof has already been given 
that ornithine will react with alanine. The next series of experiments was 
designed to test whether ornithine also reacts with the other chief H donators 
found by Stickland. Thunberg tubes were set up containing 05 ml. buffer pH 7, 
1 ml. bacterial suspension, 0*5 ml. M/10 H donator, 0*5 ml. Mj 10 ornithine and 
water to 2*5 ml. Controls (a) with no substrates, ( b) with each donator alone, 
and (c) with ornithine alone were also carried out. The results obtained after 
5 hours’ incubation are summarized in Table II, the appropriate control values 
having been deducted in each case. In the third column the relative efficiencies 
of H donators are compared by setting leucine as 100. The results show general 
correspondence with those obtained by Stickland [1934] in a similar study using 
glycine as acceptor. 

Table II. 


H donator 

NH S formed, 
ml. A'/100 

Leucine —100 

Glycine as ac¬ 
ceptor (Stickland) 

d-Alanine 

2*50 

95 

100 

/-Leucine 

2*64 

100 

70 

d-Valina 

1*93 

73 

100 

/-Histidine 

1*00 

38 

55 

/-Phenylalanine 

0*28 

11 

30 


The product of the reduction of ornithine . 

Proline, according to Stickland [1935,1], gives rise to 8-aminovaleric acid on 
reduction; ornithine has a similar C chain and there is some evidenoe from old 
work of Ackermann [1907-10] that it may give rise to 8-aminovaleric acid by the 
action of mixed putrefactive organisms. It has already been established (p. 1937) 
that some deamination occurs when ornithine is reduced. As a working hypo¬ 
thesis it may be postulated that the a-amino-group of ornithine is deaminated 
during reduction and that 8-aminovaleric acid is the product. In such a reaction 
2 atoms of H could be accepted: 

CH,NH i .CIH 2 .CH a .CHNH 1 .COOH 4- 2H=CH^H*. CH 2 . CH a . CH, .COOH +NH S . 

It is known [Stickland, 1935, 2] that alanine is oxidized in the presence of ac¬ 
ceptors according to the following equation: 

CHb.CHN^.COOH 4-2HfO =CH 8 .COOH +CO.+4H. 
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Since 4H are donated by alanine, 2 mol. of ornithine would be required to oxidize 
1 mol. alanine if the above hypothesis is correct, and 3 mol. NH 3 would be 
liberated. 

To test this theory alanine was incubated with excess ornithine and the 
ammonia produced estimated. In preliminary experiments great difficulty was 
experienced in obtaining significant results owing to the large formation of NH 3 
from ornithine itself, especially when the bacterial suspension was very active. 
This is best made clear by an example. In a usual Thunberg tube experiment 
the following results were obtained after various times of incubation, the no¬ 
substrate control having been deducted : 

NH S formed as ml. N /100 

_A_.. 

Substrate 3-5 hours 10-5 hours 24 hours 


(1) Ornithine 

(2) Alanine 

(3) Alanino 4- ornithine 

(4) Alanino + ornithine minus (1) and (2) 


0-78 

1-30 

1-80 

0 

0 

0 

313 

609 

6*21 

2-35 

4*79 

4*41 


If the working hypothesis outlined above is correct, 6 ml. Nj 100 extra NH 3 
(4) should have been formed. Actually the extra NH 3 at first increased with time 
and then decreased. This decrease is due to the increase in the ornithine blank (1), 
since the total NH 3 from ornithine and alanine (3) increased throughout. It will 
be seen that the final ornithine blank (1-8 ml. N /100 NH 3 ) was greater than the 
NH 3 equivalent of the ornithine added in excess of 2 mol. (I ml. xV/100 NH 3 ). A 
significant result was therefore scarcely to be expected. Before describing similar 
experiments in which a larger excess of ornithine was added and which gave 
significant results it will be convenient to discuss the question of the ornithine 
blank in more detail. 

Ornithine, although deaminated to a certain extent when incubated alone 
with the organism, can also react with alanine. The question arises as to whether 
the former type of breakdown occurs concurrently with the latter when ornithine- 
alanine mixtures are treated with Cl. sporogenes , or whether the ornithine- 
alanine oxido-reduction reaction takes place preferentially. In order to test this 
1 mol. alanine was treated with exactly 2 mol. ornithine, i.e. the amount required 
for complete oxidation of the alanine according to the hypothesis. Sets of 
Thunberg tubes contained (a) water, (b) 0*2 ml. M/10 alanine, ( c) 0-4 ml. Jtf/10 
ornithine, (d) 0*2 ml. M/10 alanine 4* 0*4 ml. M/10 ornithine, together with 
0-5 ml. buffer pVL 7, 1 ml. bacterial suspension and water to 2*4 ml. Sets of 
tubes were taken down at intervals and the experiment continued until the NH 3 
in (< i) did not increase. The results obtained are summarized in Table III. It will 


Exp. 

1 

2 

3 


Table III. 


(All values less the appropriate controls.) 


Ornithine 

alone 

2-64 

2*38 

2-70 


NH 8 formed as ml. Nj 100 


Ornithine + 
alanine 


Ornithine + alanine 
(theoretical) 


5-02 6*00 

5*50 600 

5-88 6-00 


% found of 
theoretical 

04 

92 

98 


be seen that, assuming the hypothesis to be correct, the ornithine-alanine reaction 
is almost oomplete and all the alanine is broken down as well as the ornithine— 
in spite of the fact that ornithine alone is more than 50 % deaminated (column 2) 
and that there was only just sufficient ornithine present to oxidize the alanine. 
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The conclusion seems legitimate that ornithine reacts with alanine preferentially 
to being decomposed alone and that, provided that ornithine is present in only 
just sufficient quantity to oxidize the alanine, the only reaction to occur will be 
that oxidation. 

If, however, the working hypothesis were incorrect, and ornithine were 
deaminated at both amino-groups, then the figures for alanine + ornithine in 
Table III might be duo in part to the ornithine blank and not represent a com¬ 
plete oxidation of alanine. This is unlikely in view of the close approximation of 
the figures to the theoretical, and also in view of the fact that the complete 
oxidation of alanine was proved by estimation of volatile acid as well as NH 3 . 
Large (75 ml.) Thunberg tubes were set up containing (a) 12 ml. water, (6) 8 ml. 
MflO ornithine, (c) 8 ml. ilf/10 ornithine+ 4 ml. Mj 10 alanine, together with 
8 ml. buffer pH 7, 8 ml. bacterial suspension and water to 28 ml. The course of 
the reaction was followed from NH 3 determinations on a series of small tubes con¬ 
taining 1/20 of the above quantities. When these showed the reaction to be com¬ 
plete the large tubes were taken down and NH 3 estimated in duplicate on 1 ml. 
samples. The remainder of the suspension was used for the estimation (in dupli¬ 
cate) of volatile acid as described by Stickland [1935, 2]. The mean results ob¬ 
tained are given in Table IV. 

Table TV. 


(All values less the water control.) 


Ornithine 

alone 

NH 3 produced as ml. Nj 10 1-60 

Volatile acid formed as ml. 0 

N/l 0 


Ornithine -f 
alanine 

1143 

3-63 


Ornithine -}■ 
alanino 
(theoretical) 

1200 

4-00 


% found of 
theoretical 

95 

91 


Assuming, according to the hypothesis, that 2 mol. NH 3 come from the 
reduction of 2 mol. ornithine and 1 mol. NH 3 from the oxidation of alanine, then 
from Table IV, the NH 3 equivalent to the oxidation of alanine is 11*43/3 = 
3*81 ml. i\r/10. Since Stickland [1935, 2] has shown that 1 mol. alanine gives 
1 mol. NH S and 1 mol. acetic acid, the volatile acid to be expected should there¬ 
fore be equal to the NH 3 , i.e. 3*81 ml. N/ 10; 3-63 ml. N/10 or 95% of that 
expected was found. It is unlikely that ornithine gives any volatile acid on reduc¬ 
tion; if this were so a much higher figure than that obtained would be expected 
as ornithine is in excess. So that in spite of the blank formation of NH S when 
ornithine is incubated alone with the organism, 2 mol. ornithine were sufficient 
to bring about the formation of theoretical quantities of both NH 3 and volatile 
acid from 1 mol. alanine. The reaction between alanine and ornithine un¬ 
doubtedly takes place preferentially to the breakdown of ornithine alone. The 
experiments of Table IV also provide strong evidence in favour of the hypothesis 
concerning the mode of reduction of ornithine, for the results predicted from it 
are exactly obtained. 

One further point in connexion with the ornithine blank is of interest. The 
question arises as to whether this breakdown is due (a) to the decomposition of 
ornithine alone by Cl. sporogenes , or (b) to linked reactions with donators derived 
from the autolysis of the suspensions. In Table IV there was no formation of 
volatile acid from ornithine alone in the presence of the suspension, and as the 
chief donators are known to produce volatile acid on oxidation [Stickland, 1935, 
2; Author, unpublished] (6) is unlikely. This view was confirmed by experiments 
in which four different concentrations of ornithine were incubated with the same 
suspension. Since the donators available from autolysis must be strictly limited 
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in amount it would be expected that increase in ornithine concentration would 
not increase the ornithine blank if (b) is correct. The following table shows how¬ 
ever that it does increase: XTtT . , 

NH 8 formed as 

Ornithine ml. JV/100 


0-3 ml. M110 1-88 

0-4 ml. i//10 2-35 

0*6 ml. Ml 10 2*95 

0*8 ml. Ml 10 3*45 


The evidence is therefore in favour of the partial breakdown of ornithine by a 
method distinct from linked oxido-reduction reactions. 

H equivalence of ornithine .With more detailed knowledge concerning the 
ornithine blank available it was now possible to design experiments to determine 
the number of equivalents of H accepted by ornithine during its reduction in the 
presence of H donators. In order to obtain significant results from NH 3 forma¬ 
tion from mixtures of alanine with excess ornithine, it is essential that the 
ornithine blank shall not exceed the excess ornithine above that required by the 
hypothesis. In the following experiments twice the theoretical amount of orni¬ 
thine was used and the ornithine blank in no case exceeded the excess. Sets of 
Thunberg tubes were set up containing (a) water, ( b) 0*2 ml. Mj 10 alanine, 
(c) 0*8 ml. Mj 10 ornithine and (<1) 0-2 ml. Mj 10 alanine-f 0*8 ml. MHO ornithine; 
in addition each tube contained 0*5 ml. buffer pH 7,1 ml. bacterial suspension and 
water to 2*5 ml. Sets of tubes were removed at intervals until the NH 3 in (d) no 
longer increased. The final results obtained in three typical experiments are 
given in Table V. The value (5) was calculated in the following way. Using the 


Table V. 



NIf 3 

formed as 

ml. N! 100 

Substrate 

Exp. 1 

Exp.: 

2 Exp. 3 

(1) Alanine 

0*26 

0 

0*21 

(2) Ornithine 

3-46 

1*96 

1*94 

(3) Ornithine-t alanine 

8*80 

7-48 

7*44 

(4) Ornithine + alanine minus (1) and (2) 

5-08 

5-52 

5*29 

(5) Theoretical NH S corresponding to (4) 

5*22 

6*00 

5*37 

(6) % found of theoretical 

97 

92 

98-5 


figures of Exp. 3, there were originally present 2 mi. Mj 100 alanine; of this 0*21ml. 
has disappeared by blank deamination of alanine (1), leaving 1*79 ml. for inter¬ 
action with ornithine. Assuming that 1 mol. alanine reacts with 2 mol. ornithine 
yielding 3 mol. NH 3 , then the extra NH 3 formed from alanine-f ornithine (4) 
should be 1*79 x 3 = 5*37 ml. N/100. The agreement between observed and 
calculated values (6) shows that 1 mol, alanine is oxidized by 2 mol. ornithine. 
The fact that alanine is oxidized completely in those experiments has already 
been established by the volatile acid determinations (Table IV). Since 1 mol. 
alanine donates 4H on oxidation each mol. ornithine must therefore accept 2H 
on reduction. 

Further evidence that 2 mol. ornithine are required is provided by experi¬ 
ments in which 1 and 2 mol. ornithine were made to react with 1 mol. alanine. 
The results given in Table VI were obtained. The ornithine blank has not been 
deducted since it has been shown above that the ornithine-alanine reaction is the 
only one to oocur under these conditions (no excess of ornithine). The theoretical 
values are those required if 1 mol. alanine reacts with 2 mol. ornithine. 1 mol. 
ornithine (1) is insufficient to oxidize 1 mol. alanine; it does in iact oxidize 
almost exactly $ mol. 
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Table VI. 




NH 8 formed as ml. Nj 100 

A 

Substrate 

r . 

Found Theoretioal 

% found of 
theoretical 

(1) 0-3 ml. M/ 10 alanine + 0-3 ml. Jlf/10 
ornithine 

4-35 

4-50 

96-6 

(2) 0-3 ml. if/10 alanine + 0-0 ml. if/10 

8-61 

9-00 

95-7 


ornithine 


Throughout the experiments so far described concerning the ornithine- 
alanine reaction the NH 3 formed has never exceeded that corresponding to 
deamination of the alanine and one amino-group only of the ornithine. That one 
amino-group of ornithine is left unchanged was proved by experiments in which 
disappearance of amino-N was estimated concurrently with the appearance of 
NH 3 . Thunberg tubes were set up as described for the experiments of Table V 
except that only 0*4 ml. MjlO ornithine was used. The residue in the Kjeldahl 
flask after the distillation of NH 3 was quantitatively removed and 2 ml. 30 % 
trichloroacetic acid added to precipitate the bacteria. After filtration and 
washing, the filtrate and washings were amalgamated, neutralized with 30% 
KOH, made slightly acid with acetic acid and made up to 25 ml. with water. 
This solution was used for the estimation (in duplicate) of amino-N by the Van 
Slyke manometric method, 30 min. shaking being employed. The ornithine blank 
was ignored since only just sufficient ornithine to oxidize the alanine had been 
present (see above). Estimations were also done before incubation to obtain the 
amino-N originally present. The results given in Table VII were obtained after 


Table VII. 

Exp. 1 Exp. 2 

(1) Ornithine amino-N originally present (mg.) 1-054 1*002 

(2) Total amino-N originally present (mg.) 1-317 1-282 

(3) Total amino-N finally present (mg.) 0-540 0-480 

(4) Loss of amino-N (mg.) 0-777 0-802 

(5) Gain in ammonia-N (mg.) 0-740 0-792 

(6) % final amino-N of (1) 51 48 

(7) % completion of reaction (from NH 8 esti- 88 94 

mations) 


incubation until the NH 3 determinations showed that the reaction was approxi¬ 
mately complete; the water blank has been deducted in each case. These results 
show (6) that 50 % of the amino-N of ornithine remains unchanged at the end of 
the reaction, although alanine is completely deaminated. The fact that the 
amino-N disappearing closely approximates to the ammonia-N appearing, 
(4) and (5), provides confirmation of the accuracy of the experiments. 

Isolation of 8-aminovaleric acid . Evidence has been presented that ornithine 
takes up 2H and loses one amino-group on reduction. The question as to 
whether it is the a- or the 8-amino-group which is deaminated OQuld only be 
finally settled by isolation of the product of the reduction. A large Thunberg 
tube was put up containing 4 ml. Af/10 alanine, 8 ml. Jfcf/10 ornithine, 8 ml. 
Af/5 buffer pH 7 and 8 ml. bacterial suspension (twice normal strength). The 
course of the reaction was followed by NH S determinations on a series of small 
tubes. After 29 hours these indicated that the reaction was 93 % complete. The 
large tube was then taken down and made strongly acid with HOI. It was then 
possible to isolate 8-aminovaleric acid as the a-naphthylisocyanate derivative by 
the procedure given by Stickland [1935,1]. Since less product was to be expected 
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only 0*2 g. a-naphthylisocyanate was used. The dinaphthylurea formed as bye- 
product was not completely precipitated in 1 hour so the mixture was allowed to 
stand overnight at this stage. The crude yield of a-naphthylcarbamido-n-valeric 
acid was 93 mg., equivalent to 47 % of the ornithine used. 

The crude product was recrystallized three times from 50% alcohol. The 
substance then melted with decomposition at 192° (uncorr.) and the solidified 
decomposition product melted at 231°. The corresponding figures obtained by 
Stickland [1935,1] were 191 and 231° respectively, whilst Keil & Gunther [1933J 
record 197 and 231°. The substance gave the following analytical data (Weiler): 

Calculated for 
a-naphthylcarbamido- 



w-valeric acid 

Found 

c% 

67J 3 

67-10 

H% 

6-21) 

6-47 

N% 

9-79 

1008 


It may be concluded that when ornithine is reduced in these reactions it is the 
a-amino-group which is deaminated. All the experimental evidence obtained 
agrees with the original hypothesis that when ornithine reacts with H-donating 
amino-acids in the presence of Cl. sporogenes it undergoes reductive deamination 
at the a-amino-group with formation of 8-aminovaleric acid: 

rH 2 NH 4 .OH 2 .CH 2 .CHNH 2 .COOH 4 2H^CH 2 NH 2 .C 1 H 2 .CH 8 .CH 2 .( 1 OOFI +NH 3 . 

Stereochemical specificity of ornithine. All the experiments so far described 
have been done with d-ornithine. In order to test the optical specificity of 
ornithine in these linked reactions, the activity of synthetic di-ornithine 1 as 
acceptor was compared with that of the d-form. The NH 3 formation, in the 
presence of the organism, from 1 mol. alanine and 2 mol. of either d- or di- 
ornithine was estimated after various times together with the usual controls. 
Table VIII shows that di-ornithine gives precisely similar quantitative results to 

Table VIII. 


NH 3 formed as ml. Nj 100 

_A._ 

Time . 5 hours 18 hours 


Form of ornithine 
Substrate 

f 1 

d~ 

— —^ 

dU 

\/- 

dh 

Ornithine alone 

1-64 

1-55 

2-56 

2-59 

Ornithine 4- alanine 

4-42 

4-32 

5-78 

5-80 


Quantities used: ornithine, 0-4 ml. Mj 10, alanine 0-2 ml. Mj 10. 


d-ornithine, and that 2 mol. di-ornithine are able to oxidize completely 1 mol. 
alanine (theoretical NH 3 , 6 ml. A/100; found, 5-80 ml.). It is obvious therefore 
that i-ornithine as well as d-omithine must act as H acceptor in the “Stickland 
reaction ”. Table IX shows that the same lack of optical specificity is true also of 
the acceptor proline, for di-proline gives similar quantitative results to the natural 
2-form, and 2 mol. di-proline (as with i-proline) are sufficient to oxidize com¬ 
pletely 1 mol. alanine (theoretical NH 3 , 5 ml. A/100; found, 4-76). 

Since glycine is optically inactive, it is interesting to note that Cl. sporogenes 
shows no stereochemical specificity toward the three amino-acids, glycine, proline 
and ornithine, which it activates as H acceptors. With the H donators on the 
other hand Stickland [1934] has found the unnatural {-alanine to be inactive. 

1 I am indebted to Dr H. A. Krebs for the gift of a sample of synthetic eft-omithine. 
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Table IX. 

NHg formed as ml. A 7 /100 


l --\ 

Time . 3 hours 6 hours 



t - 

—— A -^ 

( - ' 

*-\ 

Form of proline 
Substrate 

Z- 

dU 

Z- 

dl- 

Proline alone 

0 

0 

0 

0 

Proline + alanine 

3-62 

3-62 

4-81 

4-76 


Quantities used: alanine, 0-5 ml. M/ 10; prolific, 0-5 ml. M/5. 


Experiments with d-arginine. 

In view of the positive results obtained with ornithine it was deeided to 
reinvestigate the action of Cl. sporogenes on arginine, which like ornithine is a 8- 
substituted derivative of oc-aminovaleric acid. Stiekland [1934] has found that 
arginine was not attacked, but Bessey & King [1934] reported that this amino- 
acid was completely deaminated by washed cells of Cl. sporogenes. The action of 
washed suspensions of the organism on arginine was tested in the usual way by 
estimating NH 3 formed from the amino-acid alone and in admixture with alanine 
or proline. The results of two typical experiments are shown in Table X. The 


Table X. 

NH 3 formed as ml. 

A r /100 

Substrate 

Exp. 1 

Exp. 2 

(1) Arginine 

14-19 

13-01 

(2) Alanine 

0-27 

0-10 

(3) Proline 

0 

— 

(4) Arginine + proline 

13-94 

— 

(5) Arginine + proline minus (1) and (3) 

0 

— 

(6) Arginine + alanine 

17-42 

1809 

(7) Arginine + alanine minus (1) and (2) 

2-96 

4-92 

(8) Arginine + alanine (no bacterial suspension) 

0 

0 


Quantities used: 0 5 ml. M/10 solution of each substrate. 


source of arginine in Exp. 1 was d-arginine hydrochloride, and in Exp. 2 the free 
base ; both solutions were neutralized before use. It will be seen that arginine is 
considerably deaminated when incubated alone with the bacterial suspension (1). 
The NH 3 formed approaches 3 mol. per mol. arginine; this would require the 
formation of 15 ml. N/100 NH 3 . It seems probable that three of the four amino- 
and imino-groups of arginine are deaminated. But in addition to this breakdown 
alone, extra NH 8 beyond the controls was found in the presence of alanine (7) 
proving that arginine also acts as H acceptor. There was no extra NH S in the 
presence of proline (5) showing that arginine does not act as H donator. 

The activation of arginine as H acceptor by Cl. sporogenes was confirmed by 
experiments on the reoxidation of benzylviologen (as described for ornithine): 

Substrate Reoxidation time 

Water Not reoxidized 

d-Arginine 3 min. 

2-Proline 3 min. 

Arginine is therefore able to aocept H from reduced benzylviologen. Methylene 
blue reduction experiments confirmed that arginine has no activity as H 
donator. 

At first sight it seemed possible that arginine might be broken down to 
ornithine and urea by an arginase enzyme and that the ornithine liberated then 
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acted in the usual way as H acceptor. But the amount of NH 3 actually produced 
from arginine could only agree with such a theory if the urea formed were also 
deaminated by the bacterium. Preliminary experiments have shown that this is 
not the case, for urea was not attacked either alone or in admixture with 
donators or acceptors. Further work on the arginine problem is in progress. 

Discussion. 

Fildes & Richardson [1935] obtained slight growth of CL sporogenes on 
amino-acid media from which all Stickland’s acceptors (glycine, proline and 
hydroxyproline) had been excluded. These workers considered that the energy for 
growth in this case might have been derived from serine or tyrosine. In the present 
paper it has been shown that two other H acceptors, ornithine and arginine, 
exist in addition to those named by Stickland [1934J. As the medium of Fildes & 
Richardson contained arginine it seems possible that linked reactions between 
donators and this acceptor might provide the energy for the slight growth 
mentioned above. 

If the act ion of Cl. sporogenes on amino-acids, as far as is at present known, is 
considered from the point of view of the relation between the structure of the 
amino-acids and the method by which they are attacked by the organism, 
several interesting points emerge. With regard to the method of attack the 
amino-acids may be divided into two main groups: 

(1) Amino-acids which are activated as H donators. This group may be 
further divided into two sections : 

(a) Those* amino-acids such as alanine, leucine, valine etc. which are attacked 
only in the presence of an H acceptor. These acids are characteristic simple 
a-monoamino-acids. 

(b) Amino-acids which, in addition to acting as H donators, can be partly 
deaminated in the absence of v li acceptors. The two examples are cysteine and 
serine; these are characterized by the presence of a second substituent group 
which is not an amino-group in the molecule. 

(2) Amino-acids which are activated as M acceptors. This group may also be 
divided into two sections: 

(а) Amino-acids which act only as H acceptors and are not attacked in the 
absence of an H donator. The two examples are proline and hydroxyproline; these 
are not true amino-acids but imino-acids having ring closure through the amino- 
group. 

(б) Amino-acids acting as H acceptors but also partially deaminated in the 
absence of H donators. Such acids are glycine, ornithine and arginine. Glycine 
is an abnormal amino-acid as being the first member of the homologous series; it 
is for example optically inactive. Arginine and ornithine are characterized by 
the presence of further amino-groups in the molecule in addition to the -group. 

From this list a few general conclusions may be drawn. Simple a-monoamino- 
acids, with the exception of glycine wliich behaves abnormally, appear to act 
only as H donators. When there is another substituent group in the chain in 
addition to the a-amino-group then the amino-acids behave abnormally and are 
broken down by CL sporogenes in the absence of any other amino-acid. If this 
extra group is not an amino-group, as in cysteine and serine, the substance also 
acts as H donator; on the other hand if the extra group is an amino-group or 
contains an amino-group, as with ornithine and arginine, then the substance also 
acts as H acceptor. It should be emphasized that these considerations apply only 
to amino-acids which are known to be atta cked in one way or other by CL sporo - 
genes. The structure of lysine, for example, would place it in group 2 b , however, 
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lysine is not attacked by the organism in any way [Stickland, 1934]. All that 
can be said at the present time is that there does seem to be some relationship 
between the structure of the amino-acids and their mode of activation by Cl. 
sporogenes. It is hoped that such considerations may eventually lead to a clearer 
understanding of the mechanism of these linked oxidation-reduction reactions. 

Summary. 

The work of Stickland on coupled reactions between pairs of amino-acids 
induced by Cl. sporogenes has been continued. The following new facts emerged: 

1. Z-Cysteine acts as H donator in these reactions; in addition it is partially 
deaminated in the absence of other amino-acids. 

2. d-Arginine and cZ-ornithine are both activated as H acceptors, but in 
addition are partially deaminated in the absence of H donators. When ornithine 
reacts with the donator alanine it accepts 2H and undergoes reductive deamina¬ 
tion to S-aminovaleric acid. 

3. Glyeollic acid, jS-alanine and taurine are not attacked by the organism. 

The relation between the structure of the amino-acids and their mode of 

activation by Cl. sporogenes is discussed. 

1 wish to express my thanks to Dr M. Stephenson for much advice and 
criticism and to Sir F. G. Hopkins for his interest in this work. 

I am indebted to the Medical Research Council for a personal grant. 
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CCLXXII. THE PRODUCTION OF CITRIC ACID 
FROM LACTIC ACID AND FROM ALCOHOL. 


By TADEUSZ CHRZ^SZCZ and KAROL LEONHARD. 

From the Department of Agricultural Technology , Poznan University. 

(.Received 13 August 1936.) 

In the dairy industry moulds are often encountered on media containing lactic* 
acid. According to the literature on the subject, the view appears to be justified 
that this acid is oxidized by the moulds into C() 2 or transformed into oxalic 
acid. Wehmer [1929] reports that by the action of Aspergillus mutantus calcium 
lactate is transformed into carbonate and sodium lactate into oxalate. Similarly, 
Tliies [1934] finds that A. fumigatus oxidizes calcium lactate to calcium car¬ 
bonate, whilst its sodium, potassium and ammonium salts are changed into the 
oxalates of the respective cations. Acklin [1929] states that Penicittium glaucu?n 
oxidizes lactic acid to water and carbon dioxide via pyruvic acid and acetaldehyde, 
in agreement with Neu berg’s theory. According to Walker & Coppock [1928] 
A. niger acting on calcium propionate first forms lactic acid which is then trans¬ 
formed into pyruvic acid; propionic acid therefore would appear before the 
lactic acid. These authors accept the view that acetic acid must also be formed 
as a transient product by disinutation of acetaldehyde, the presence of which 
was determined by them in these processes. 

Botrytis cinerea is a mould which relatively easily transforms acetic into 
citric acid [Chrzpszcz & Zakomorny, 1930]. If then acetic acid is formed during 
the decomposition of lactic acid, this would indicate that conditions exist for 
the relevant mould to form citric acid. The determination of this fact would 
afford further evidence in Bupport of our hypothesis that citric acid is yielded by 
acetic acid [Chrzgtszcz & Tiukow, 1930], whilst this would in addition throw 
rather a different light upon the problem of the decomposition of lactic acid by 
moulds. The following research was undertaken in order to elucidate this point. 

Experimental. 

The spores of the mould B. cinerea were inoculated into four or five 750 ml. 
flasks each containing 100 ml. of 8% sterilized malt extract. After allowing the 
mould to develop during 10 days at 22°, the extract was decanted, the mycelium 
was carefully washed with sterilized water, and to each flask 100 ml. of a solution 
of pure lactate (Merck) free from formic, acetic and propionic acids, were added. 
The cultures were then kept for a suitable time (see Table I) at 22°, after which 
they were analysed with the following results. 

2-5°/ 0 solution of calcium lactate with the addition of l°j 0 calcium carbonate. 

The developed mycelium was kept in a 2*5% solution of calcium lactate 
with the addition of 1 % CaC0 3 . After 12 days the solution was filtered off and 
the mycelium carefully washed (solution A). The mycelium with the sediment 
was treated with 20% acetic acid at room temperature for 24 hours, and then 
filtered off and washed (solution B). 8% HC1 was then poured on to the 
mycelium and, after 24 hours, filtered off and the residue washed (solution C). 

Biochem. 1936 xxx ( 1947 ) 125 
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The washed mycelium was then dried at 105°. It was found to weigh 2*45 g. 
(computed for five flasks, see Table 1). 

Solution A was divided into three portions. One was treated with dilute 
sulphuric acid and distilled. In order to neutralize the distillate, 7 ml. of N/10 
NaOH were used, thus indicating the presence of volatile acids in the dis¬ 
tillate. After evaporating to dryness, a small amount of residue was obtained 
which upon acidification with sulphuric acid yielded a sharp smell, similar to 
that of acetic acid, and in addition had the odour of rancid butter. Since the 
reactions for butyric acid [Kline, 1934] and formic acid were negative, it was 
concluded that this residue contained a mixture of acetic and propionic acids. 

The second portion of solution A was concentrated by evaporation during 
which process a sediment appeared which gave the reaction for citric acid. 
After filtering, it was washed, purified with bone charcoal and isolated in the 
form of a calcium salt, which after drying at 130° weighed 0*627 g. 

Analysis. Found: CaO, 33*46%. (C 6 H 5 0 7 ) 2 Ca 3 requires CaO, 33*74%. 

This result is sufficiently concordant to show that the sediment examined 
is calcium citrate. If it be postulated that three molecules of lactic acid are 
necessary for one of citric acid, then to secure 0*627 g. of calcium citrate 
0*824 g. of calcium lactate are necessary, and therefore the mould in this case 
used 8*3% of the calcium lactate for this purpose. 

The solution obtained after filtering off the calcium citrate was brought 
up to 200 ml. in the flask, and of this volume 5 ml. were used for determining 
lactic acid by means of a Lieb and Zacherl apparatus [1932]. 11*3 ml. of Nj 10 
iodine were required, which, computed for the whole of solution A, gives 90*46 ml. 
ofIV/lO iodine, equivalent to 4*071 g. of lactic acid or 4*931 g. of calcium lactate. 
As 10*0 g. of calcium lactate were taken for the experiment, 50*7 % of it had 
been consumed by the mould. 

The remainder of the solution was treated with lead acetate. Only a small 
precipitate was produced, and this, after decomposition with hydrogen sulphide, 
yielded a small amount of an acid substance, giving a positive result to Deniges 
and Stahr’s reaction for citric acid. Apart from this, the solution of this salt 
decolorized a solution of KMn0 4 at room temperature and yielded a slight 
precipitate with a solution of Hg 2 (N0 3 ) 2 acidified with nitric acid. The precipitate 
yielded by the lead acetate consisted of small quantities of lead salts.of citric 
and fumarie acids. 

The filtrate from the lead precipitate was treated with ammonia. A pre¬ 
cipitate formed, which was washed and decomposed by hydrogen sulphide. 
The substance obtained gave a distinct reaction for malic acid; with a solution 
of ferric chloride a deep yellow colour was yielded. The reactions for citric and 
succinic acids were negative. The substance examined was therefore malic acid. 

The third portion of solution A was treated with dinitrophenylhydrazine. 
The resulting precipitate was washed and treated with N sodium carbonate. 
8 % HC1 added to the filtrate produced a small precipitate which after washing 
and drying had m.p. 216°, indicating that it was the hydrazone of pyruvic 
acid. 

The precipitate left after washing with sodium carbonate was treated with 
ethyl alcohol. A small amount of residue was left on the filter-paper but it was 
difficult to identify. The alcoholic filtrate on evaporation yielded a small residue, 
which melted at 164-165°, thus pointing to the presence of the hydrazone of 
acetaldehyde. 

Solution B in acetic acid was evaporated to dryness yielding 6*433 g. of a 
substance which, computed in terms of calcium acetate, corresponds to 4*06 g. 
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of CaC0 3 . Since 4 g. CaC0 3 were used, its quantity remained practically un¬ 
changed. After dissolving this residue in water, it was treated with lead acetate 
and then by hydrogen sulphide. The slight amount of material obtained in this 
manner gave a distinct reaction for malic acid, but negative reactions for citric 
and succinic acids. 

Solution C in HC1 after neutralizing with ammonia yielded a white precipitate 
of calcium salt weighing 1*007 g. 

Analysis . Found: CaO, 38*20%. C 2 0 4 0a, H 2 0 requires OaO, 38*38%. 

0*2024 g. of the substance, required for oxidation 27*6 ml. of A 7 /10 KMn0 4 , 
corresponding to 0*2016 g. of C 2 0 4 Ca, H 2 0. 

The substance was therefore calcium oxalate. If it be assumed that two 
molecules of lactic acid yield two of oxalic acid, then 1*007 g. of calcium oxalate 
correspond to 1*504 g. of calcium lactate, or, to produce the above amount of 
oxalic acid, the mould used up 15*0% of the calcium lactate. 

Tt follows from the above that the mould used up 50*7 % of the calcium 
lactate, of which 8*3 + 15*0 = 23*3% were used for the formation of citric acid 
and oxalic acid. The remainder (27*4 %) primarily served to form C0 2 and small 
quantities of malic, fumaric, acetic, propionic and pyruvic acids and acetalde¬ 
hyde, besides traces of other, unidentified products. 

5% solution of calcium lactate with the addition of V'i 0 calcium carbonate . 

This experiment was conducted as in the preceding series but with the 
differences that a higher concentration of calcium lactate was used, viz. 5%, 
and that the mycelium acted for a longer time, i.e. for 18 days. The results 
attained were, however, qualitatively identical, only the quantitative relation 
being different. The mould used up 43% of the calcium lactate during the 
experiment, 12*7 of which were used for the formation of volatile acids and citric 
and oxalic acids, and 30*3 for the formation of C0 2 , the increment of the mycelium 
and for traces of other products. 

5°/ 0 solution of ammonium lactate, with addition of 3°; a calcium carbonate . 

The mycelium was kept on ammonium lactate for 21 days. Examination of 
the liquid showed that the products were almost identical with those obtained 
from calcium lactate, apart from fumaric acid which was not found. The 
mycelium used up 55*3% of the ammonium lactate, of which 13*8 were used 
for the production of volatile acids and citric and oxalic acids, and 41*5 for C0 2 , 
increment of the mycelium and small quantities of unidentified products. 

5°/ 0 solution of ammonium, lactate without any additions. 

The action of the mould was maintained for 18 days. The products of de¬ 
composition were similar to those obtained in the previous cases, apart from 
oxalic acid which was not found. The consumption of lactate was greater than 
before, namely 58*3%, of which 1*4 appeared as volatile acids and citric acid, 
and the remainder was used chiefly for production of C0 2 and of small quantities 
of unidentified products. 

2-7°l 0 ethyl alcohol with the addition of 4°l 0 CaC0 3 . 

In order to get a better idea of the behaviour of the mould B. cinerea an 
experiment with ethyl alcohol was made. With this in view, the mycelium was 
grown on a 2*7 % solution of ethyl alcohol to which 4 % CaC0 3 had been added. 
After 18 days the fluid was filtered and solutions prepared as before: A an aqueous 
solution, B in aoetic acid, and C in HC1. 
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Part of solution A was distilled. The distillate had an alcohol content of 
0*4° Tralles, which, computed for the quantity of solution, shows that the mould 
used up 90*74% of the alcohol. 

During the evaporation of the solution, a precipitate (0*279 g.) was formed 
which after purifying gave a reaction for citric acid. Lead acetate was then 
added to the solution and, after decomposing the lead salt, citric acid was 
obtained. Thus the aqueous solution yielded 0*279+0*192=0*471 g. citric 
acid. 

In the filtrate a precipitate was produced by ammonia which yielded malic 
acid. It weighed 0*039 g. and, assuming that one molecule of malic acid is 
formed from two of ethyl alcohol, the mould used up 0*036 % of alcohol to form 
this amount of malic acid. The presence of fumaric and succinic acids was not 
noted. 

The second portion of solution A was acidified with sulphuric acid and steam- 
distilled. The distillate was neutralized and evaporated to 100 ml., and formic 
acid was determined in 40 ml. by the method of Fincke [Abderhalden, 1925]; 
the amount found was 0*0112 g. Assuming that one molecule of formic acid was 
formed from one of alcohol it appears that 0*131% of the ethyl alcohol was 
required. 

A residue of barium acetate (0*0315 g.) was obtained by adding baryta water 
to a second 40 ml. of the distillate and evaporating. It was calculated that the 
whole solution therefore contained 0*073 g. of acetic acid, which indicates that 
0*84% of the alcohol was used for its production. 

Lead acetate added to solution B produced a precipitate from which 0*256 g. 
of citric acid was obtained. In all, the following amounts of citric acid were 
obtained: 0*471 g. from solution A+0*256 from solution B=0*727 g. of the 
acid. Taking one molecule of citric acid for three of ethyl alcohol, 0*511 g. of the 
latter was needed, namely, in our experiment, 5*947 % of ethyl alcohol. 

After neutralizing solution C with ammonia, a precipitate was formed which 
was found to be calcium oxalate weighing 0*215 g. Assuming that for one 
molecule of oxalic acid one of alcohol is needed, the mould used 0*795 g. of the 
ethyl alcohol for its production. 


Table I. Results of action of B. cinerea. 


Mycelium 


Pro- 


for For- pi- 

five mic Acetic onic 
flasks arid acid acid 


Substrate Days g. % 

2*5% Ca 12 3*06 0 0 
lactate 4 1% 

CaCO, 


5% Ca 18 2-77 0*0 
lactate+1% 

CaCO, 


5% NH, 21 2*48 0 0 

lactate+3% 

CaCO, 

5% NH 4 18 2-92 0*0 

lactate alone 


% % 
Traces Traces 



% of suUtrafce used by mould to form 

CO. 

and 

Sue- other 


dnic 

Fumaric 

Malic 

Citric Oxalic Pyruvic 

Acetalde¬ 

pro- 


acid 

acid 

acid 

add 

acid 

acid 

hyde 

ducts Total 

% 

% 

% 

% 

% 

% 

% 

% 

% 

0-0 

Small 

Small 

8-3 

15-0 

Small 

Small 

27-4 

60*7 


amount 

amount 



amount 

amount 



0*0 

Traces 

»» 

4-1 

8-0 

>• 

11 

30*3 

43*0 


0*0 

0-0 

M 

4*0 

7*9 

ii »i 41*5 

55*3 

0*0 

0-0 

11 

0*8 

0*0 

ii n 68*9 

58*3 


2-7% ethyl 18 5-49 0-131 0-84 
alcohol+4% 

CaCO, 


0*0 0*0 


0-0 


0-036 5-95 0*79 


82*9 90*7 
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The total consumption of alcohol by the mould was 90-7%, of which 
5*947% was used for the citric acid, 0*036% for the malic acid, 0*131% for 
the formic acid, 0*84% for the acetic acid, and 0*795% for the oxalic acid. The 
remainder, i.e. 82*95% of the alcohol, was utilized chiefly for the formation of 
C() 2 and small amounts of unidentified products. 


Discussion. 


The object of the experiment was primarily to draw attention to the be¬ 
haviour of B. cinerea upon ethyl alcohol as a medium. The alcohol was found to 
be a good medium since over 90% of it w as consumed, of which over 80% was 
oxidized. This oxidation leads by the simplest route to C0 2 as is shown by the 
presence of acetic and formic acids. 

The observation that acetic, malic and citric acids are found on the ethyl 
alcohol medium, confirms our previous researches on the formation of citric 
acid from ethyl alcohol [Chrz$szcz et al. 1932]. 

If we now examine the behaviour of B. cinerea on lactate we are first of all 
struck by the fact that in every case examined during our experiments citric acid 
is formed from lactic acid. The formation of acetic, fumarie and malic acids 
from lactic acid on the one hand confirms our view that citric acid is formed from 
acetic acid [Ohrz^szcz & Tiukow, 1930; Chrz^szcz & Zakomorny, 1936], and on the 
other hand indicates that the views of Wehmer [1929], Thies [1934], and Acklin 
[1929], that lactic acid under the influence of moulds undergoes transformation 
only into C0 2 or into oxalic acid, are incorrect. It is also of interest to note that 
ammonium lactate alone, which Thies states is transformed into oxalic acid by 
the action of moulds, in our experiments yielded absolutely none of this acid, 
which, however, appeared on the addition of excess Ca0O 3 . 

Propionic acid is formed from lactic acid by way of acetaldehyde, as explained 
bv the following reactions, which also cover the formation of the other products: 


(a) CH a . CH O H. OOOH—- 2 H - 

(b) 0 H,. CO. OOOH -CH a . C H O + CO,. 


OHj.CHjCOOH 

CHg.COOH. 


(c) CHg.CHOH.COOH) 

CHg.CHO \ 

(d) CHg.CHO ^CHgCOOH 

(e) CH3.CH 2 OH-^CH,.COOH->H.COOH 

\f = : . 

OOOH, OOOH- 


CO* 


(/) Arctic acid ^succinic arid-^fumarie acid->malic acid 4 acetic acid-^citric acid. 


It follows from the above that the action of B. cinerea on lactates first causes 
the transformation of lactic acid into pyruvic acid which undergoes decarboxyl¬ 
ation forming acetaldehyde. The acetaldehyde is either oxidized to acetic acid, 
or with a molecule of lactic acid undergoes dismutation into propionic acid and 
acetic acid. 

The acetic acid formed is changed via succinic, fumarie and malic acids into 
citric acid, or is oxidized via glycollic, oxalic and formic acids into C0 2 and 
water. It is possible that in older cultures the citric acid formed also undergoes 
decomposition. 

Summary. 


1. Citric acid can be formed from lactic acid by the action of the mould 
Botrytis cinerea on lactates. 

2. Apart from citric acid, various other products are formed from calcium 
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lactate, viz. acetic, propionic, fumaric, malic, pyruvic and oxalic acids, acetalde¬ 
hyde and, in addition, C0 2 . 

The above compounds are also formed from ammonium lactate, with the 
addition of calcium carbonate, but the formation of oxalic acid was not observed 
in the case of ammonium lactate alone without the addition of calcium carbonate. 

3. The products yielded indicate that lactic acid passes by dehydrogenation 
into pyruvic acid, next into acetaldehyde which then undergoes further trans¬ 
formation. With lactic acid, propionic acid and acetic acid are formed by 
dismutation. Acetic acid is also formed by the direct oxidation of acetaldehyde 
and changes on the one hand into citric acid, via succinic, fumaric and malic 
acids, in agreement with our theory, or into C0 2 via formic and oxalic acids on 
the other hand. 

4. Botrytis cinerea also easily utilizes ethyl alcohol, transforming it partly 
into citric acid in agreement with our theory, via glycollic acid and then malic 
acid. The final oxidation proceeds via formic acid. 
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Numerous methods for the determination of the bile acids in bile have been 
published utilizing for instance the Pettenkofer reaction, determination of amino- 
groups in the amino-acid components of the conjugated acids, optical properties, 
determination of taurine-sulphur, fluorescence with sulphuric acid etc. Each of 
these methods, however, is limited to the determination of particular bile acids. 

We therefore thought it worth while by applying selected methods simul¬ 
taneously to bile to try to determine the proportion between cholic and de- 
oxycholic, conjugated and unconjugated, glycine and taurine acids. At the same 
time we have tested, compared and partly modified the various procedures. 

Methods 

The bile was mixed with alcohol, boiled, diluted to 10 vols, and filtered. Aliquot 
parts were then evaporated to dryness with some NaHC0 3 on the water-bath. 

The colorimetric method. As already pointed out by Nakagawa & Fujikawa 
[1930] and by Reinhold & Wilson [1932], deoxycholie acid and its conjugates do 
not give the Pettenkofer reaction or its modifications. We have tested some other 
bile acids with furfuraldchyde and sulphuric acid and found that the following 
failed to react* cholanic, bilianic, dehydrocholic, chcnocholic, a-hyoglycocholic, 
/Miyoglycocholie acid and “dyslysine” ; r the only positive results wero obtained 
with cholic acid and its conjugates, including scymnol. The reaction was propor¬ 
tional to the molar concentration, whether the substrate was cholic, glycocholic 
or taurocholic acid and the colour and its absorption spectrum were equal for all 
these acids. The best way (of many tested) to carry out the reaction proved to 
be that described by Gregory & Pascoe [1929] as modified by Josephson [1935]. 
In this form the reaction is sufficiently specific and sensitive for most biles. 
Cholesterol does not react. The differences between the duplicates from any one 
bile were less than 1 %. 

The gasometric method . Determination of the amino-groups of glycine and 
taurine after hydrolysis of the conjugated acids, as first described by Schmidt & 
Dart [1920], does not reveal the presence of the unconjugated acids which, 
according to Schonheimer et al. [1932] may also occur in the bile. For the deter¬ 
mination of the conjugated acids the Van Slyke method gave better values 
than the formaldehyde titration and the colorimetric method of Foliri. 2 Hydro¬ 
lysis of the conjugated acids is always effected with alkali hydroxide, but the 

1 The substances used in these tests were prepared by the late Prof. 0. Hammarsten, Uppsala. 
His successor, Prof. G. Blix, kindly placed them at our disposal. 

1 The statement of Rosenthal & Lauterbaoh [1924] that taurine with this method should give 
only 2/3 of its N could not be confirmed by Josephson & Swedin. On the contrary, they found 
that glycine and taurine gave equimoleoular amounts of N. 
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concentration of this and the time of heating employed by different workers 
vary very much. Table I shows our results for the hydrolysis of glyco- and 
tauro-cholic acids with KOH of various strengths, according to the different 
investigators. As the table shows, complete hydrolysis both of glyco- and tauro- 
cholic acids was obtained only according to Jenke & Steinberg [1930], that is 


Table I. 


Acid 

Cone. 

of 

sub¬ 
strate % 

KOH 

0/ 

/o 

Hours 

of 

heating 

NH,-N mg./ml. 

Found Calc. 

Extracted 
cholic acid % 
colorimetric 

Found Calc. 

Extracted 
cholic acid % 
polarimetric 

t - 

Found Calc. 

Method 

Glycocholic 

0-65 

5 

6 

1-26 

2-00 

4*71 

5-83 

4-40 

5-83 

Sullmann & Schaub [1932], 

?» 

1-66 

5 

0 

0-35 

0-50 

1-06 

1-46 

0*89 

1-40 

Breuseh [1934] 

Taurocholic 

7-30 

5 

0 

1-92 

2-00 

5-51 

5-83 

4-90 

5-85 


„ 

1-84 

5 

0 

0-45 

0-50 

1-20 

1-46 

1-04 

1-40 


Glycocholic 

6-65 

8 

8 

1-0*4 

2-00 

5-24 

5-83 

5-10 

5-83 

Foster & Hooper [1915], ltosen- 


3-66 

8 

8 

0-43 

0-50 

1-25 

1-46 

M2 

1-40 

thal & v. Falkenhausen 

Taurocholic 

7*36 

8 

8 

1-93 

2-00 

5-05 

5-83 

5*55 

5-83 

[1923], Schmidt & Dart 

1-84 

8 

8 

0-47 

0-50 

1*33 

1*40 

1-20 

1-40 

5-83 

[1920], Smith et dl . [1928], 

Glycocholic 

0-65 

15 

12 

1-90 

200 

5-79 

5-83 

5-77 

Cuny [1930, 1, 2], Duuglas- 
Sauerrnann [1935], liosenthal 
& Lautcrbach [1924] 

Jmke & Steinberg [1930], 

>» 

1*60 

15 

12 

0*48 

0-50 

1-40 

1-46 

1*42 

1-40 

Borgatti [1932] 

Taurocholic 

7-3G 

15 

12 

2-02 

2-00 

5-75 

5-83 

5-73 

5-83 


»» 

1-84 

15 

12 

0-51 

0-50 

1-49 

1-40 

1-44 

1-40 


Cholic 

5-00 

15 

12 

0 

0 

4-94 

5-00 

4-95 

5-00 


Deoxycholic 

5*00 

15 

12 

0 

0 

0 

0 

4-93 

5-00 


Glycine 

0-5357 

15 

12 

0-98 

1-00 

0 

0 

0 

0 


Taurine 

0-8929 

15 

12 

1-00 

1-00 

0 

0 

0 

0 



with 15% KOH 12 hours on a boiling water-bath. This was evident not only 
from amino-N determinations, but also from colorimetric determination of 
cholic acid in the ether-petroleum extract. Therefore this method was chosen. 
Even so, however, there often occurred a loss of 1-2 % N. By total N analysis 
it could always be shown that this loss was due to disappearance of N from the 
solution, probably as NH 8 . In bile this method gave fairly satisfactory values. 
The results with two or three samples from each bile did not differ more than 
1-2 %. Of course the Van Slyke value found before hydrolysis had to be sub¬ 
tracted from that after hydrolysis to obtain the amount of bile acid-N. (With 
the hypobromite method of Cuny [1930,1,2] we did not obtain consistent values.) 

The polarimetric method. For polarimetric determination of the acids it was 
also necessary to obtain complete hydrolysis since the reading of a mixture of 
several acids would not permit any conclusions. According to Jenke & Steinberg 
[1930] it is also essential to isolate the unconjugated acids after removal of the 
cholesterol by extraction with a mixture of ether and light petroleum (4:1). 
Using separating funnels for this extraction we very seldom obtained complete 
extraction. We therefore let the ether mixture bubble through a long narrow 
funnel in the acidified hydrolysis solution placed in a wide tube in the middle 
section of an ordinary Soxhlet apparatus. By extracting in this way for 6 hours, 
during this time making the aqueous fraction alkaline and again acid four or five 
times, we always obtained such complete extraction that even the furfuraldehyde 
reaotion became negative in the aqueous phase. (It must however be mentioned 
that this reaction is much less sensitive in strong salt solutions than in weak 
ones,) The ether then was evaporated and the residue dissolved in absolute 
alcohol and determined polarimetrically. As Table I shows we got fairly good 
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values with this method in standard solutions. In bile the results with this 
method were somewhat poorer, since the different samples of one bile often 
differed by 2-3 % and in some cases even much more as shown in Table II. The 
loss was probably due to destruction of bile acids. 

Attempts to separate only the preformed unconjugatod acids from the con¬ 
jugated ones by such extraction did not succeed since occasionally glycocholic 
acid was somewhat soluble in the ether mixture and taurocholic slightly so. 
This is the reason why, as shown in Table I, in the incompletely hydrolysed 
samples the colorimetric values in the ether extract are usually higher than the 
polarimetric ones. Results obtained from bile by the polarimetric method must 
be accepted with reserve as in most biles there are small amounts of bile acids 
other than cholic and deoxycholic, e.g. ursocliolic, hyocholie, lithocholic etc., 
which arc optically active. This is of special importance for human bile which 
contains anthropodeoxycholic and pig’s bile containing hyocholie acid with 
specific rotations differing greatly from those of cholic and deoxycholic acids. 
Nevertheless we have tried to get an approximate estimate of deoxycholic acid 
in some biles by subtracting from the total rotation of the mixture the rotation 
of the eolorimetrically determined cholic acid and then calculating from the 
specific rotation of the deoxycholic acid. We used wave lengths of 6563 and 
5893 A and sometimes of 6867 A where the absorption was less when much bile 
pigment was present. The concentrations are calculated from Josephson’s 
[1935] investigation of the optical properties of the bile acids and the same 
apparatus was used. In most cases the readings were made in 4 dm. tubes, but 
in some cases, where the extracts were very dark we had to read in 2 d?n. tubes. 
We also tried to make the polarimetric readings in the alkaline hydrolysate after 
extraction of cholesterol. This would be possible as there could not be present 
any other optically active substances to count with. 

The specific rotation of the bile salts in water solution is well known but, as 
shown by Joscphson, this rotation decreases with increasing concentration of 
other electrolytes in the solution. In these cases we therefore had to add exactly 
known amounts of NaHCG 3 (at the stage of evaporation of the alcohol) and 
KOH. The readings of these solutions, however, often became somewhat inexact, 
owing to the large amount of light-absorbing bile pigments present. In many 
biles, especially the human ones, the pigments made the observations in alkaline 
solution impossible, even if light of wave length 6867 A was used. Where this 
method was applicable however it usually gave results which agreed better with 
those of the other methods than did the results obtained after acid extraction. 1 

Sulphur determinations. The S has been determined and the concentration of 
taurine-N calculated and subtracted from the total amino-N, in order to distinguish 
between glyco- and tauro-cholic acids [Cuny, 1930, 1, 2; Douglas-Sauermann, 
1935; Rosenthal & von Falkenhausen, 1923]. This method, however, is reliable 
only in those biles where no S-containing substances other than taurocholic 

1 Raue [1925], Borgatti [1932], and Giordano & Levi [1933] have tried to determine bile acids 
with the aid of the fluorescence reaction with Bulphuric acid. Joscphson & Swedin [unpublished 
results] have studied this reaction in standard solutions. Using a quartz lamp and the Stufen- 
photometer of Zeiss with light filter of euphosglass they found that the fluorescence of cholic acid 
was about ten times as intense as that of deoxycholic acid. The intensity of the fluorescent light 
was not directly proportional to the concentration of the acid but followed a logarithmic function 
of this concentration. The intensity was very dependent on other substances, such as inorganic 
salts, bile pigments, fatty acids etc., which are always present in bile. Since in addition the reaction 
was not very specific JoBephson & Swedin concluded that it could not be used for quantitative 
determinations. 
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acid are present. In other biles these acids would have to be isolated before 
the S determination could be made. We are working on this isolation, and the 
results obtained with its aid will be published later. Here we report the results 
of total S determinations and the concentrations of taurine acidB calculated 
from these values. The S determinations were carried out by the method of 
Josephson [in course of publication]. 

Results. 

The results which were obtained by using the related methods on different 
animal biles are shown in Table II. In Table III we report the results from 
some human biles obtained post mortem. It should be pointed out that we have 
analysed only gall-bladder biles and since we do not know how much water is 


(i) 


Human biles 
.Diagnosis 

Cancer recti 
Nephrosis acuta 
Sepsis 

Encephalitis lethargies 
Agranulocytosis 
Pneumonia acuta 
Ilaemorrliagia cerebri 
Carcinoma laryngis 
Vitium organicuin cord 
Carcinoma recti 
Arteriosclerosis 
Nephrosclerosis maligna 
Pneumonia acuta 
Agranulocytosis 
Haeniorrhogia cerebri 
Sepsis pneumococci 





Table III. 
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resorbed from the gall-bladder we cannot draw any conclusions about the con¬ 
centration in liver bile. The proportions between the different acids, however, 
are probably not altered in the gall-bladder. The biles of the rabbit, guinea-pig, 
dog and cat were collected from several animals; the results for polar bear and 
walrus biles were obtained with preparations about 50 years old, precipitated 
with alcohol in unknown proportions, probably 1/4; these are recorded only as 
curiosities. All the other biles were from single individuals. 

In the colorimetric, gasometric and S determinations only the averages are 
recorded since the different samples always agreed very closely. On the other 
hand all the results of polarimetric readings are noted since they usually differed 
a good deal from one another. Of several biles unfortunately we could not obtain 
enough for making duplicate analyses by the polarimetric method which requires 
considerable amounts of material. 


Explanation of the tables. 

Column 1 in Table II shows the species of animal from which the biles originated. The cow, 
sheep, pig and fox biles were from single individuals. The rabbit bile was collected from 20 animals, 
the cat bile from 4, the dog bile from 4, the guinea-pig bile 1 from 40 and the guinea-pig bile 2 
from SO animals. 

In Table HI oolumn 1 shows the pathological condition and age of the human subjects 
from which bile samples were taken. 
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Column 2 shows the results of the colorimetric determinations of cholic acid including the 
conjugated as well as the unoonjugated acids. 

Column 3 contains the results of the polarimetric determinations. 3 a shows the dilution of 
the original bile which was used for the determination. 3 b shows the optical activity of the 
original biles calculated from the rotation observed when the bile acids were dissolved in aqueous 
alkali. 3 c gives the activity of the original bile observed when the acids were dissolved in 
alcohol. 

Column 4 indicates the part of the optical activity of the original bile which could be calculated 
from its colorimetrically determined content of cholic acids only. The difference between these 
values in aqueous alkali ( a) and in alcohol (6) depends on the different optical activities of cholic 
acid in these solvents [Josephson, 1935]. 

Column 5 shows the content of deoxyeholic acids, conjugated as well as unconjugated, in the 
original bile. These values are obtained by subtracting the calculated rotation of the known 
amount of cholic acids (column 4) from the rotation observed. In this calculation we have used 
Josephson’s [1935] determinations of the specific rotation of deoxyeholic acid. In some cases the 
total rotation of the bile was even smaller than that calculated from tho cholic acid content. In 
these cases we have written Neg. in this column. 

Column 0 contains the sums of cholic and deoxyeholic acids, conjugated as well as unconjugated. 
These values represent the sum of those from columns 2 and 5. 

Column 7 shows the content of conjugated acids, glyco- as well as tauro-cholie and deoxyeholic. 
These values are calculated from the conjugated amino-N (Van Slyke). 

Column 8 shows the amount of free unconjugated acids in the bile, calculated by subtracting 
the conjugated acids (column 7) from the total conjugated and unconjugated cholic and deoxy- 
cholic acids (column 6). In cases where the last value (6) is smaller than that for the conjugated 
ones (7) we have written Neg. in this column. 

Column 9 shows the part of the cholic (or deoxyeholic) acid which is conjugated with taurine 
if the content of this substance is calculated from the observed S content of the bile. 

Column 10 shows the part of the cholic (or deoxyeholic) acid which is probably conjugated 
with glycine. These values are calculated by subtraction of the taurine acids (column 9) from the 
total conjugated acids (column 7). In cases where the S content was higher than corresponded to 
the amino-N content, it was naturally impossible to calculate the glycine content and here we have 
written Neg. in this column. 


Discussion. 

As the tables show, there is usually a considerable difference between the 
results obtained with the four different methods. The polarimetric method must 
be regarded as rather unsuitable for biles, since it gives values which do not 
agree well either with one another or with those of other methods. This is cer¬ 
tainly due to destruction of bile acids during hydrolysis and extraction. In 
many cases we even observed rotations which were lower than could be cal¬ 
culated from the colorimetrically determined cholic acid. In pig and guinea-pig 
biles the furfuraldehyde reaction was almost or completely negative, indicating 
the absence of cholic acid. As certain of the hyocholic acids are laevorotatory it 
is not surprising that the polarimetric values of these biles are so low. 

In those biles (cow 1, 2, rabbit, cat, fox, guinea-pig 2), where the gasometric 
value was much lower than those obtained colorimetrically and polprimetrically, 
we conclude that there must be a large proportion of unconjugated bile acids. 
In those where the gasometric value is higher than the colorimetric (cow 5, 
sheep 2, dog) on the other hand much deoxyeholic acid and other acids must be 
present which do not react colorimetrically. In some biles, especially dog bile, 
the gasometric value was much higher than the colorimetric and polarimetric 
values. This indicates the presence of some laevorotatory substance present, or 
possibly of a nitrogenous compound soluble in alcohol, hydrolysed; by alkalis 
and not reacting like cholic acid. 
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The S content of the different animal biles varied within wide limits. In 
sheep, cat and fox biles it was very high, showing without doubt that S-con- 
taining substances other than taurine are present (sulphuric esters). In dog bile 
S was also high but insufficient to account for the total conjugated acids. Con¬ 
trary to the claims of other investigators, we can thus state that dog bile contains 
conjugated acids other than taurocholic. 

The human biles were all from autopsies conducted not more than 2-3 hours 
after death. Immediately after collection the biles were precipitated with alcohol. 
Cases were deliberately selected which had no hepatic lesion. As Table III 
shows, there is no uniformity at all in the bile acid contents of these biles. This 
is true for colorimetric as well as polarimetric and gasometric values; in addition 
to this the values found with the different methods do not agree with one 
another. With only two exceptions the gasometric values are much higher than 
the colorimetric, indicating that there must be large amounts of conjugated 
acids, which do not react colorimetrically. Unfortunately the polarimetric 
determination of the human biles had to be carried out after acid extraction, 
since they all were so heavily pigmented that alkaline readings were impossible. 
Since anthropodeoxycholic acid is usually present in human bile, we have not 
been able to calculate the deoxvcholic content, as this acid has a much lower 
optical activity than the other bile acids. The S analyses of human biles have 
shown that the taurocholic acid content is probably of the same order as that of 
glycocholic acid. Owing to these facts it seems difficult to obtain diagnostically 
valuable information from bile acid analysis. 
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We have isolated from the yellow flowers of the furze a new carotenoid which in 
its properties is very similar to lutein. It crystallizes from absolute methyl alcohol 
in stellate groups of pale yellow twinned prisms. The crystals are dichroio and 
have a strong birefringence. Like lutein this yellow form, which does not contain 
methyl alcohol of crystallization, changes in contact with the solvent in the course 
of 2 or 3 days into a red form of metallic brightness containing methyl alcohol, 
which cannot be distinguished from lutein by the shape of the crystals. The absorp¬ 
tion bands in different solvents are the same as those of lutein, in carbon disulphide 
608,476m fi, in ethyl alcohol 475,447 m/t, in methyl alcohol 473,445m/i. During 
chromatographic analysis in mixture with lutein on calcium carbonate, the new 
oarotenoid forms a uniform orange-coloured zone, and in this way it cannot be 
separated from lutein. It shows, however, a marked difference from lutein in 
its M.P., which for the yellow methyl alcohol-free form was found to be 201-202° 
(uncorr., in evacuated tube; corr. 205-206°). The red crystals lose methyl alcohol 
at 120-130° and melt at 199-200° (uncorr.). Pure lutein from Genista tridentata 
melted 10° lower, at 190° (uncorr.). 

For the reasons above mentioned wc suppose that we are dealing with a 
stereoisomeric form of lutein. An analysis could not be made because of the 
small quantity available. The carotenoid is sparingly soluble in cold carbon 
disulphide, very sparingly in cold ethyl alcohol and still more sparingly in cold 
methyl alcohol. 

The carotenoids of the furze (Ulex europaeus). 

We have begun a systematic investigation of the carotenoids of diverse 
furze and broom species of the family of Leguminosae the preliminary results of 
which we report in this and the following papers. The yellow flowers of the furze 
were investigated long ago by Schunck (1903], who demonstrated the presence of 
a xanthophyll—named by him xanthophyll Y—which is distinguished by a 
strong blue colour reaction with concentrated hydrochloric add. Schunck gives 
a photograph of the absorption spectrum of the xanthophyll as well as the 
spectrum of the product formed by hydrochloric add, and from his data one 
may oonclude that he dealt with violaxanthin. 

Methods and results. 

A preliminary investigation showed that the carotenoids of the furze are a 
rather complicated mixture. The flowers do not keep well in a fresh state and 
oxidize with ease. Therefore we have not attempted to separate the yellow 

1 These investigations are assisted by a grant from the van’t Hoff Foundation of the Royal 
Academy of Sciences, Amsterdam, for which the author expresses his indebtedness. 

( 1960 ) 
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petals of the flowers from the green ones of the calyx which represent the greater 
part of the weight of the flowers. The flowers were dried in a current of warm 
air at 50°. This procedure for a quantity of 25 kg. of fresh flowers required 8 days, 
and in consequence of this a large part of the carotenoids was already oxidized. 
The dry flowers weighed 5-5 kg., which corresponds to a weight of the yellow 
petals of 1*5 kg. They were ground in a mill to a very fine powder. As the yellow 
petals do not contain free xanthophyll, the powder was extracted three times 
with light petroleum in a total volume of 60 litres. The yellow solution was 
concentrated in vacuo in a current of carbon dioxide at 35-40° to 1 litre and 
freed from a very fine precipitate by centrifuging, and 2 litres of absolute ethyl 
alcohol were then added. After remaining 2 days in the ice-box a colourless wax¬ 
like mass had separated which was removed by suction, the residue being washed 
on the filter with a little ethyl alcohol. The filtrate was evaporated in vacuo and the 
resulting viscous oil kept in the ice-box for several days, where a further quantity 
of colourless material settled. After centrifuging, the oil was poured into 2*5 litres 
of pure acetone by which procedure a considerable quantity of colourless material 
was precipitated which increased during 1 day in the ice-box. After being again 
centrifuged, the solution was evaporated to dryness in vacuo. The residue was a 
dark coloured viscous oil of characteristic odour and weighed 330 g. 

It has proved advantageous for the isolation of the different carotenoids to 
include in the process of purification at this point a chromatographic analysis 
with activated aluminium oxide*.. In this way a separation of the bulk of xantho¬ 
phyll esters from carotene as well as from the chlorophyll pigments is easily 
obtained, and the main part of the xanthophylls is obtained in a state of great 
purity so that after saponification they readily crystallize. 

The residue of the distillation was dissolved in 3 litres of light petroleum 
and shaken with methyl alcohol (80%) and then with methyl alcohol (90%) 
which extracted the small amount of free xanthophyll which had passed into 
solution from the green leaves of the calyx, as well as some chlorophyll. The 
solution was then washed with water to free it from the methyl alcohol and 
dried over sodium sulphate. It was then adsorbed on to activated aluminium 
oxide in two columns. By washing the adsorbed colouring matter with light 
petroleum nine different zones were formed. The rather large upper zone con¬ 
tained only colourless material, then followed four narrow green and reddish 
brown zones of chlorophyll and xanthophyll. Most of the column was filled with 
a yellow zone of xanthophyll esters below which followed three smaller orange- 
coloured zones which contained the carotenes. The column was divided into 
three parts (a) the three lowest zones, (6) the large uniform one, and (c) the four 
narrow upper zones. 

(a) Hydrocarbons . It is possible to obtain a part of the hydrocarbons of the 
lower zones directly in a crystalline state by repetition of the chromatographic 
analysis and elution. It is, however, advantageous to proceed with an .alkaline 
saponification of the solution before further treatment. The solution of the colour¬ 
ing matter obtained by eluting the lower zones of the chromatogram with light 
petroleum containing 1 % of methyl alcohol was concentrated in vacuo at low 
temperature to 150 ml. To the concentrate were added 25 ml. of a concentrated 
methyl alcoholic solution of potassium hydroxide, 50 ml. of ethyl alcohol (96 %) 
and the same volume of absolute ethyl alcohol, and the mixture was shaken 
in an atmosphere of nitrogen for 8 hours. After standing overnight, 20 ml. of 
water and 250 ml. of light petroleum were added, the alcoholic layer separated, 
the light petroleum solution several times shaken with methyl alcohol (90%), 
then washed with water and dried over anhydrous sodium sulphate. The solution 
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was then adsorbed on to a column of activated aluminium oxide and washed with 
light petroleum. Three distinct zones developed: 

Absorption bands in 
light petroleum 
(b.f. 80°)* 
in (i 

1. Narrow very sharp red-violet zone 461,426 

2. Broad orange zone 479, 450 

3. Diffuse yellow zone 475, 445 

* All spectroscopic measurements were made with a Hilger prism-spectroscope and a copper 
sulphate-ammonia niter. 

Zones 2 and 3 were eluted together with light petroleum containing 1 % of 
methyl alcohol, and the solution was evaporated to dryness in vacuo. The 
residue was dissolved in 20 ml. of light petroleum and to the solution 80 ml. of 
absolute ethyl alcohol were added. After several hours carotene began to separate 
in glistening crystals accompanied by colourless material. The quantity of 
crystals increased on keeping the solution in the ice-box for 1 day. The pre¬ 
cipitate was filtered and freed from the colourless substance by boiling with 
100 ml. of absolute ethyl alcohol. From this solution a sterol was obtained in a 
pure state. The remaining carotene was then twice crystallized from a mixture 
of benzene-methyl alcohol (1:3). Characteristic crystals of carotene were 
obtained; m.p. 181-182° (uncorr. in evacuated tube); absorption bands in light 
petroleum (b.p. 80°) 481, 450m^; in CS 2 517, 482m/z. A separation into the 
isomerides was not attempted. A yield of 22 mg. was obtained, i.e. 20% of the 
total quantity. The rest of the carotene remaining in the mother-liquors could 
not be obtained in a crystalline state, as the separation of a great quantity of a 
colourless oil was not possible. 

The first zone after elution with light petroleum and methyl alcohol was 
evaporated to dryness in vacuo. The residue was boiled with the purest methyl 
alcohol, a colourless substance passing into solution. During repeated boiling 
with the same solvent nothing more went into solution. We have tried to 
crystallize the colouring matter from different solvents but could not succeed in 
obtaining it in a pure state. This pigment is a hitherto unknown carotenoid 
which in its spectroscopic properties agrees with flavoxanthin [Kuhn & 
Brockmann, 1932]. Absorption bands in CS 2 , 478, 450m/z; in light petroleum, 
451, 426m/z; in methyl alcohol, 448, 422m/z. 

When shaken with light petroleum and methyl alcohol (90%) the pigment 
remains completely in the upper layer. In ethereal solution it gives no colour re¬ 
action with concentrated hydrochloric acid. By means of chromatographic analysis 
with aluminium oxide, on which it is strongly adsorbed, the carotenoid can be 
separated from carotene with the same ease as it can be separated from lutein 
with calcium carbonate, by which it is scarcely adsorbed. In these properties 
the carotenoid is very similar to the xanthophylls of the formula C^H^O, 
cryptoxanthin and rubixanthin [Kuhn & Grundmann, 1933; 1934]. It occurs 
not only in the furze but also in Planchon’s furze (Ulex galli) and in very small 
quantity in Genista tridentata (see the following paper). In somewhat greater 
quantity it occurs in the flowers of the wild clover (Omlis cemua ), of which we 
shall make a report later. 

(b) Xanthophylls. The large middle zone of the first chromatographic se¬ 
paration contains the bulk of the xanthophylls in a moderately pure form. We 
have tried to isolate a uniform crystalline coloured wax but without success. 
The pigment after elution with light petroleum containing 1% of methyl 
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alcohol was concentrated in vacuo to 100 ml. Then for saponification were added 
25 ml. of concentrated methyl alcoholic KOH, 20 ml. of ethyl alcohol (96 %) and 
a quantity of absolute ethyl alcohol sufficient to make a homogeneous mixture. 
The liquid was kept in a well-filled and stoppered bottle for 2 days at room 
temperature. After complete saponification a considerable quantity of water 
was added and the free xanthophylls were extracted with ether. The ethoreal 
solution was washed several times with water, dried over anhydrous sodium 
sulphate and concentrated in vacuo to 10 ml. 150 mg. of xanthophyll crystallized, 
which were twice recrystallized from methyl alcohol. 80 mg. of xanthophyll of 
m.p. 193-194° were obtained; absorption bands in CS 2 , 500*5, 468m/z. With 
strong hydrochloric acid a deep blue colour develops. As the xanthophyll did 
not yet seem to be uniform, it was dissolved in benzene, diluted with four times 
its volume of light petroleum and adsorbed on to a column of calcium carbonate. 
After prolonged washing with a mixture of benzene-light petroleum, 1:2 and 
then 1:1, three well-defined zones developed. The upper brown-yellow zone 
contained violaxanthin, under which there was a narrow lighter yellow zone of 
taraxanthin [Kuhn & Loderer, 1931] and at a distance of 2 cm. a third orange- 
yellow zone, from which the isoraeride of lutein was isolated. 

Violaxanthin. The zone containing this xanthophyll was eluted with pure 
methyl alcohol and the solution evaporated to dryness in vacuo. The residue was 
crystallized from methyl alcohol, the crystals boiled with light petroleum and 
then recrystallized from absolute methyl alcohol. We obtained 35 mg. of crystals 
which formed brown-red needles of m.p. 197° (uncorr., evacuated tube); absorption 
bands in CS 2 , 500*5, 469m/x; in methyl alcohol 469, 4llm.fi. 

Taraxanthin. The second zone was eluted with methyl alcohol and evaporated 
to dryness in vacuo. The residue was twice crystallized from the purest methyl 
alcohol and 15 mg. of long needles grouped in clusters were obtained : m.p. 185- 
186° (uncorr., in evacuated tube);, absorption bands in CS 2 , 501, 469m/x; in 
absolute ethyl alcohol, 470, 441 m^; in methyl alcohol, 468, 440m ft. With strong 
hydrochloric acid in ethereal solution no coloration occurs. 

Isomeric lutein. The solution obtained by eluting the lowest zone of the 
chromatogram with methyl alcohol was evaporated to dryness in vacuo and the 
residue crystallized from methyl alcohol. 10 mg. of xanthophyll were obtained, 
which were boiled with light petroleum and then four times recrystallized from 
purest methyl alcohol. 3 mg. of crystals were obtained which macroscopically have 
a reddish brown aspect similar to violaxanthin. Under the microscope yellow 
diehroic crystals with strong birefringence are observed. The substance gives no 
colour reaction with concentrated hydrochloric acid; m.p. 201-202° (uncorr., in 
an evacuated tube) (corr. 205-206°). These crystals change in the course of 2 or 
3 days in contact with methyl alcohol into a red form, which contains methyl 
alcohol of crystallisation. Simultaneous comparison of the melting points of the 
isomeride with pure lutein from G . tridentata : lutein m.p. 190° (uncorr.), isomeric 
lutein (red form) m.p. 199-200° (uncorr.). 

(c) Other xanthophylls . The xanthophylls contained in the narrow upper zones 
of the first chromatogram in mixture with the chlorophyll pigments were eluted 
with light petroleum containing 1 % of methyl alcohol and the solution con¬ 
centrated in vacuo to 20 ml. The concentrate was then saponified with methyl 
alcoholic KOH and absolute ethyl alcohol sufficient to make a homogeneous 
mixture. After adding water, the free xanthophylls were extracted with ether, 
and a deep red ethereal solution was obtained, which gave a strong blue colour 
reaction with concentrated hydrochloric acid. The solution was washed with 
water and then evaporated to dryness in vacuo . The residue was dissolved in 
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benzene, diluted with the same volume of light petroleum and adsorbed on to a 
column of calcium carbonate. By washing the chromatogram with a mixture of 
benzene and light petroleum 1:1 several zones developed, which have a spectrum 
Similar to violaxanthin. Absorption bands in (B.F. 80°) 


1. Large yellow zone 

2. Small green-yellow zone 

3. Very large lemon-coloured zone 

4. Yellow-brown zone 


Light petroleum 
m fi 

465, 436 

466, 436 
468. 438 
470, 440 


Ether 
m fi 

466, 440, 420 
465, 440 
(Violaxanthin) 


We have tried without success to crystallize the xanthophylls from these 
zones. From all solvents only deep red oils separated, which solidified in the 
cold and became liquid again at room temperature. We suppose that those 
xanthophylls which are rich in oxygen are unstable to alcoholic KOH and that 
they lose the power of crystallization by this treatment like fucoxanthin 
[Willstatter & Page, 1914], or that they are altered in the course of chromato¬ 
graphic analysis with aluminium oxide or calcium carbonate. 


The carotenoids of Planchon's furze (IJlex galli). 

Planchon’s furze differs from Ulex europaeus by being smaller in height and 
especially by having much smaller flowers. The investigation of the pigment of 
the flowers showed that it consists of the same carotenoids as that of the flowers 
of the furze. In the case of Planchon’s furze carotene is isolated much more 
easily, as only few colourless substances are present in that fraction. We have 
also separated the carotene obtained into the isomeric forms and have obtained 
a- and jS-carotene in a pure state. 

fl-Carotene: m.p. 181-182° (uncorr., in evacuated tube); absorption bands in 
CS 2 , 520, 486m/z. 

cn-Carotene : m.p. 185° (uncorr., in evacuated tube); absorption bands in 
CS 2 , 512, 482m/x; in light petroleum (b.p. 80°), 480, 448m/a. 

In one case of the preparation of the xanthophylls we have observed during 
chromatographic analysis a small light yellow zone between the zones of viola¬ 
xanthin and of lutein, from which we extracted a solution of a carotenoid which 
shows all the properties of flavoxanthin [Kuhn & Brockmann, 1932]. The 
absorption bands in ethyl alcohol (96%) are 446, 423m/u; in CS 2 , 475, 452m^c. 
With strong hydrochloric acid in ethereal solution a deep blue colour develops. 
The pigment gives all the colour reactions described by Kuhn & Brockmann for 
flavoxanthin. We have not, however, succeeded in isolating this carotenoid in a 
crystalline state. 

Some colourless substances accompanying the carotenoids of 
Ulex galli and U. europaeus. 

Hertiriacontane. This hydrocarbon was isolated from the mother-liquors of 
carotene from Ulex galli . It separated from the concentrated solution as a light 
yellow precipitate which was twice crystallized from ethyl alcohol with the 
addition of a little charcoal. It forms soft leaflets with a silvery lustre which 
have no birefringence; m.p. 64° (uncorr.). 

Micro-analysis (Weiler): Found: C, 85-02%, H, 14-84%. requires 

C, 85-22%; H, 14-78%. 

Sterol CaoSsoO. This crystallizes together with carotene from Ulex europaeus 
from a mixture of light petroleum and absolute ethyl alcohol, and can be 
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separated from carotene by boiling with absolute ethyl alcohol. It crystallizes 
from ethyl alcohol (90%) in nodular masses, from a mixture of acetic ether 
and methyl alcohol in fine stellate needles; m.p. 152-153° (uncorr.). The sterol is 
optically inactive, [a]y>= ±10°. Colour reactions: Salkowski’s test; acid light 
yellow with green fluorescence; chloroform uncoloured: Liebermann-Burchardt 
test; chloroform intense dark blue; the colour passes into the acid layer, where 
after some time it turns to violet. 

The sterol is perhaps identical with a sterol C^HgoO.^HgO, isolated from 
Gledschia triacanthus [Dalmer, 1932]. 

Analysis: For analysis the substance was dried for 2 hours at 60° in a high 
vacuum, but it still contained water or alcohol of crystallization. 

Found: C, 83-11, 83-07; H, 11-88, 11-57%. Mol. wt. (East) found 385. 
CyV), |H 2 0 requires C, 82-68; H, 11-72%. Mol. wt. 435. JC 2 H 6 OH 

requires C, 82-77; H, 11-89%. Mol. wt. 449. 

Acetate . The acetate was prepared by boiling the sterol with acetic anhydride. 
It crystallizes from a mixture of ether and methyl alcohol in rectangular leaflets 
or brilliant needles, which show a strong birefringence; m.p. 145-146° (uncorr.), 
the substance softening at 138°. The acetate is, like the sterol, optically inactive. 

Analysis: Found: C, 81-96; H, 11*30%. Mol. wt. (Hast) 434. C 3 oH 52 0 2 
requires C, 81-96; H, 11-21 %. Mol. wt. 468. 

Sitosterol. This sterol was isolated from the xanthophyll fraction of Ulex 
europaeus. After two crystallizations from methyl alcohol it forms leaflets 
grouped in rosettes with strong birefringence, [a] D — 43-2° (in ethyl alcohol 
(96%)). Colour reactions: Salkowski’s test; acid yellow-red with green fluor¬ 
escence; chloroform uncoloured. Liebermann-Burchardt test: chloroform blue 
then green; acid violet. 

Summary. 

1. The carotenoids of the furze (Ulex europaeus) and of Planchon’s furze 
(Ulex galli) have been investigated. a-Carotene, ^-carotene, violaxantliin, 
taraxanthin and an isomoride of lutein were isolated in pure crystalline state. 

2. The occurrence is proved of an unknown carotenoid with an absorption 
spectrum similar to that of flavoxanthin, but with other chemical properties. 
The occurrence of flavoxanthin in U. galli is probable. 

3. Hentriacontane, a sterol of the formula C^H^O and sitosterol were isolated. 

The author wishes to express his thanks to the Director of the Chemical 
Laboratory of the University, Prof. Dr E. Pinto-Basto for placing at his disposal 
the facilities of the Institute. Acknowledgement is also made to Dr Mendonja 
of the Botanical Institute for the determination of the flowers. 
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CCLXXV. STUDIES ON CAROTENOIDS . 1 

IV. THE CAROTENOIDS OF GENISTA TRIDENTATA. 

By KARL SCHON and BASILIO MESQUITA. 

From the Laboratorio de Quimica Fisica e Quimica Biologies 
Universidade de Coimbra , Portugal. 

(Received 7 August 1936.) 

The systematic investigation of the metabolic products of related plant species 
is of considerable biochemical interest, as it can provide us with a view of 
similar vital processes which occur during the metabolism and assimilation of 
the plants. Therefore we believe it useful to include in our studies of the caro¬ 
tenoids of the Portuguese flora a systematic investigation of the family of 
Leguminosae for later comparison of the results obtained. 

In the preceding paper we have communicated the results of the investigation 
of two species of furze, and we propose to describe here our results obtained with 
the flowers of Genista tridentata. 

The flowers of two other species, i.e. G . racemosa and G. tinctoria , have already 
been examined by Tammes [1900] and Courchet [1888] who determined the 
presence of carotenoids in these plants. Recent investigations of Baker & 
Robinson [1925; 1926; 1928] showed the presence in G. tinctoria of two water- 
soluble colouring matters, genistein, C 15 H 10 O 6 (3:7:4'-trihydroxywoflavone), and 
luteolin, C 16 H 1(J O e (5:7:3^4^tetrahydroxyflavone). 

Methods. 

3*7 kg. of dried yellow flowers were ground in a mill to a very fine powder 
and this was then extracted several times with a total quantity of 30 litres of 
light petroleum. The extract was concentrated in vacuo in a current of carbon 
dioxide to 150 ml., and to the concentrate 450 ml. of absolute ethyl alcohol were 
added. On standing in the ice-box for several days a large amount of colourless 
materia] separated. This was removed by filtration, and water was added to 
the filtrate. After prolonged washing with water, the solution was dried over 
anhydrous sodium sulphate, filtered through a dry filter-paper and diluted to 
600 ml. This solution was used for chromatographic analysis. 

The colouring matter was adsorbed on to a column of activated aluminium 
oxide, 18 cm. long and 6 cm. in diameter. On washing the column with light 
petroleum nine different zones developed, of which, however, only seven were 
used for further treatment, the two upper zones being oxidation products. 

Zone 

1. Dark green, narrow and sharp 

2. Yellow, narrow and sharp 

3. Green, broad and diffuse 

4. Light yellow, broad and diffuse 

5. Orange, very broad and sharp 

6. Orange-red, broad and sharp 

7. Orange-red, narrow and diffuse 

1 Aided by a grant from the van’t Hoff Foundation, Amsterdam; 
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The column was divided into three Parts, zones 1-4 forming Part I, zone 5 
which occupies most of the column forming Part II and zones 6 and 7 forming 
Part III. 

Part L The colouring matter was eluted with light petroleum containing 1 % 
of methyl alcohol and the solution, which contains the chlorophyll pigments 
and a part of the esterified xanthophyll, was concentrated to 100 ml. in vclcuo. 
To the concentrate were added 50 ml. of concentrated methyl alcoholic KOH 
and a quantity of absolute ethyl alcohol sufficient to make the mixture homo¬ 
geneous. After complete saponification 500 ml. of light petroleum were added 
and water to reduce the alcohol concentration to about 40 %. The alcoholic layer 
was twice extracted with a total of 500 ml. of light petroleum, the united 
solutions of light petroleum were washed several times with water and then 
dried over anhydrous sodium sulphate. This solution served for a further chrom¬ 
atographic analysis. 

The solution was adsorbed on to activated calcium carbonate and the 
chromatogram developed by washing with a mixture of light petroleum-benzene 
4:1. Four distinct zones developed: 

Absorption bands in 
light petroleum (b.p. 80°) 
in/* 

1. Narrow yellow zone 467, 441 

2. Broad pale yellow zone 474, 441 

3. Broad yellow-red zone 475 (very faint) 

4. Broad orange-yellow zone Very faint bands 

From the first zone we have isolated a sterol which we shall describe later. 
It was, however, not possible to crystallize the colouring matter contained in 
this zone, which gives a strong blue colour with concentrated hydrochloric acid 
in ethereal solution. 

The second and third zones, which have the same absorption spectra, 
were united and eluted with methyl alcohol. The solution was concentrated 
in vacuo to 10 ml. and kept in the ice-box for 1 day. A colourless substance 
crystallized, which was removed by suction. The filtrate was then evaporated 
to dryness in vacuo and the residue dissolved in light petroleum and kept in 
the ice-box. A crystalline precipitate appeared which was removed by filtration 
in the cold, as it was soluble at ordinary temperature. The xanthophyll was then 
extracted from the light petroleum solution with methyl alcohol (90%), the 
solution concentrated in vacuo to 5 ml. and kept in the ice-box for 2 days. A 
mixture of xanthophyll with colourless substances crystallized. The crystals 
were filtered off, washed with light petroleum and twice recrystallized from 
absolute methyl alcohol. Pure lutein was obtained; m.p. 191-192° (uncorr., 
in evacuated tube). Absorption bands in methyl alcohol 471, 445m fi; in CS 2 
504, 472mpt. 

The fourth zone of the chromatogram which contained only a very small 
portion of colouring matter was not further investigated. 

Part II. The colouring matter of this part of the chromatogram was eluted 
with light petroleum containing 1 % of methyl alcohol and the solution con¬ 
centrated to a small volume in vacuo. 70 ml. of concentrated methyl alcoholic 
KOH and enough absolute ethyl alcohol to make the solution homogeneous 
were added. After complete saponification the solution was filtered from a 
colourless precipitate and a large quantity of water added. The formation of an 
emulsion took place, and by saturating this with sodium chloride the colouring 
matter was precipitated. It was dissolved in methyl alcohol and the solution 
reduced to a small volume in vacuo , A xanthophyll crystallized together with 
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colourless substances. The precipitate was dissolved in a small volume of methyl 
alcohol and three volumes of ether were added which caused the precipitation 
of a colourless water-soluble substance. After removing this by centrifuging the 
solution was evaporated to dryness in vacuo and the residue dissolved in methyl 
alcohol. This solution was again evaporated to dryness and the residue dissolved 
in hot light petroleum. On keeping the solution in the ice-box for 24 hours, a 
xanthophyll crystallized which after two further crystallizations from absolute 
methyl alcohol proved to be pure Jutein; m.p. 192° (uncorr., in evacuated tube); 
absorption bands in methyl alcohol 473, 446m/u; in CS 2 509, 474m fi. 

Part HI. After elution of the colouring matter with a mixture of light 
petroleum and methyl alcohol, the solution obtained was concentrated in vacuo 
to 300 ml. To the concentrate 50 ml. of a concentrated methyl alcoholic solution 
of KOH, 50 ml. of ethyl alcohol (96%) and 100 ml. of absolute ethyl alcohol 
were added and the mixture was saponified for 2 days with occasional shaking. 
Part of the colouring matter passed into the alcoholic layer. After separation 
of the two layers, the light petroleum solution was twice washed with methyl 
alcohol (90 %) and the alcoholic layers were united. Water was added to lower 
the concentration of the alcohol to 80% and the solution then extracted with 
light petroleum. In this way two solutions were obtained, an alcoholic solution 
containing xanthophyll and a light petroleum solution containing hydro¬ 
carbons. 

(а) Xanthophyll. To the alcoholic solution a little light petroleum and then a 
considerable quantity of water were added with continuous shaking. As an 
emulsion formed, the solution was saturated with sodium chloride which caused 
the precipitation of 650 mg. of xanthophyll in a crystalline state. After two 
recrystallizations from absolute methyl alcohol we obtained 204 mg. of very 
pure lutein with m.p. 193° (uncorr., in evacuated tube) and absorption bands in 
CS 2 507,473m/x. From the mother-liquors more lutein of a less degree of purity 
was obtained by concentration. 

(б) Hydrocarbons . The light petroleum solutions were thrice washed with 
methyl alcohol (90%) and then several times with water, dried over anhydrous 
sodium sulphate and then passed through a dry filter. The solution was then 
adsorbed on to activated aluminium oxide and the column washed with light 

petroleum. Three different zones formed: . . , 

* Absorption bands in 

light petroleum 
(b.p. 80°) 
m n 

1. Very narrow red-violet zone 453, 424 

2. Broad sharp orange zone 483, 448 

3. Narrow diffuse yellow zone 476, 446 

The first zone contained a very small amount of a carotenoid which shows 
similar absorption bands to those of fiavoxanthin and which is identical with a 
carotenoid found in the furze, described in the preceding paper. It could not 
be obtained in a pure crystalline state. 

The second zone contains the bulk of the colouring matter and consists of 
/3-carotene. It was eluted with light petroleum containing 1 % of methyl alcohol. 
This solution after colorimetric determination [Kuhn ft Brockmann, 1932] was 
found to contain 191 mg. of carotene. It was concentrated in vacuo to 100 ml. 
and 50 ml. of absolute ethyl alcohol were added. After standing in the ice-box 
for 12 hours, 76 mg. of pure /8-carotene had separated in beautiful crystals of 
permanganate-like colour; m.p. 181-182° (uncorr., in evacuated tube); absorption 
bands in GS 2 521, 487m p. 
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The third zone was also eluted with the mixture of light petroleum-methyl 
alcohol and evaporated to dryness in vacuo . The residue was dissolved in 5 ml. 
of light petroleum and 30 ml. of absolute methyl alcohol were added. As the 
colouring matter did not crystallize, the solution was brought to dryness and the 
residue dissolved in 10 ml. of hot methyl alcohol. From this solution about 
1 mg. of a-carotene crystallized, which, however, was not pure. Owing to the 
small quantity, we have not purified this substance further. 

Sitosterol. This sterol was isolated as a by-product from zones 2 and 3 of 
the chromatogram of Part 1. It crystallizes from methyl alcohol in characteristic 
leaflets with strong birefringency; m.p. 131° (uneorr.); |a] 7> -”34-1° (in ethyl 
acetate). With the reagents of Salkowski and of Liebermann-Burchardt the 
sterol gives the colour reactions characteristic of sitosterol. We obtained 
177 mg. of the pure product. 

In addition to sitosterol another sterol was isolated in very small amount 
from zone 1 of the same chromatogram, which gives the same colour reactions as 
the sterol C^H^O described in the preceding paper. The low m.p. of 105-106° 
(uneorr.) indicated that it was probably not pure, but owing to the small amount 
of crystals we could not purify it further. 

Discussion. 

There is a striking difference between the carotenoids of the furze and those 
of G. tridentata in respect of their xanthophyll contents. Whilst in the? first the 
xanthophylls are a mixture in which violaxanthin predominates, with tara- 
xanthin and only a little lutein, other xanthophylls being probably present, the 
xanthophyll of the latter is almost pure lutein. The lutein occurs in the plant in 
an esterified form and, by means of chromatographic analysis, we were able to 
demonstrate that there exist at least three different esters of lutein. 

On the other hand, the carotene of G. tridentata is almost pure /3-carotene, 
only traces of the a-isomeride being present. From this it is clear that the hydro¬ 
carbons belong to the /3-carotene series, whereas xanthophyll in its chemical 
structure is related to a-carotene. A similar relation exists in a less accentuated 
degree between the carotene and xanthophyll of the green leaves of almost all 
plants. It is possible to admit that in vivo lutein may be related to /3-carotene, in 
contrast to the relation in vitro. 

Summary. 

1. The carotenoids of Genista tridentata have been investigated. a-Carotene, 
/8-carotene and lutein have been isolated in a crystalline state. The occurrence of 
other carotenoids is probable. 

2. Sitosterol and another sterol were isolated. 

3. A possible biological relationship between /}-carotene and lutein is discussed. 

The authors wish to express their thanks to the Director of the Institute, 
Prof. Dr A. de Morais-Sarmento, for his great interest during the course of the 
work and for his many valuable suggestions. Acknowledgement is also made 
to Prof. Dr West of the English Institute of the University for revising the 
manuscript. 
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CCLXXVI. THE ACTIVATION OF THE 
MALE SEX HORMONES- I. 

By KARL MIESCHER, ALBERT WETTSTEIN 
and ERNST TSCHOPP. 

From the “ Ciba ” Research Laboratories. 

(Received 20 August 1936.) 

1. The activation of testosterone by the addition of organic acids. 

It is well known that in the rat test testosterone exhibits a greater activity than 
androsterone, especially on the seminal vesicles of castrated rats. As we have 
recently shown [1936, 1, 2] this only applies to oily solutions of testosterone; 
testosterone is, strangely enough, hardly active when dissolved in paraffin oil 
or in aqueous solutions of glycerol. We found, however, that after the addition 
of certain carboxylic acids, especially of the fatty acid series such as ricinoleie 
acid, the activity reappeared. The effect of solutions in fatty oils, like sesame oil, 
is increased to a considerable degree by such saturated and unsaturated fatty 
acids. 

Meanwhile the number of the acids investigated has been considerably 
augmented and the earlier particulars supplemented. The weights of the seminal 
vesicles, prostate, Cowper’s glands and preputial glands attained after admini¬ 
stration of testosterone in combination with the new acids tested and with those 
of which the examination has been extended are given in Table I. 

Technique. The rats weighed 60-80 g. at the time of castration; the experi¬ 
ments were not made until 25-30 days after castration. The animals received 
once a day a dose of 50 y testosterone during 10 days, subcutaneously injected 
together with the quantity of acid mentioned dissolved in 0-5 ml. sesame oil. 
The rats were killed on the 11th day and the accessory organs were weighed 
immediately. Fatty acids which are solid at room temperature, e.g. hydroxy- 
acids and stearic acid, frequently had to be dissolved and injected at body 
temperature on account of their low solubility. 

The acids are arranged in the table approximately according to decreasing 
activity. Some of them, e.g. suberic, mandelic, tropic, nicotinic, piperic and 
a-naphthoic adds, are only very slightly soluble and for this reason their solutions 
were almost inactive; thus the question whether the acids themselves are active 
or not was left open. Some proved to be toxic or produced pronounced local 
irritation, e.g. glycerophosphoric, undecylenic, phenylpropiolic, tetrolic, phenyl- 
acetic, lactic, pyruvic, acetic and formic acids, with which therefore the values 
obtained varied considerably. The irritating effect of the latter adds is probably 
due to their high acidity. Saturated higher fatty acids such as palmitic add 
produce practically no irritation. 

As will easily be seen from Fig. 1 the increase of activity can attain a con¬ 
siderable value with increasing doses of the acid. Still higher doses generally 
caused technical difficulties due to the saturation limit being attained or to 
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Table I. 

No. of 

Daily Weight of the glands in mg. rats 



quantity 

r ' 

X 

Cowper’s 

-N 

per 

Acid used +50 y testosterone 

of acid 

Seminal 


Preputial 

experi¬ 

daily in 0-5 ml. sesame oil 

in mg. 

vesicles 

Prostate 

glands 

glands 

ment 

a>-Hydroxytridecanoic acid, 

10 

132 

124 

154 

108 

2 

cJhl.0 . 

co-Hydroxymargaric acid, C| 7 H 84 0 2 

20 

184 

194 

155 

98 

2 

co-Hydroxypalmitic acid, C^HajO. 

25 

150 

158 

175 

91 

2 

Pyruvic acid, C 8 H 4 (), 
Giycerophosphoric acid, C 8 H 9 0 6 P 

10 

85 

90 

134 

80 

2 

10 

80 

110 

120 

92 

2 

Palmitic acid, C 16 H 88 0 8 

50 

235 

210 

205 

91 

6 

25 

115 

150 

170 

80 

4 


10 

52 

101 

130 

64 

4 


5 

40 

75 

88 

41 

4 

A-Hydroxystearic acid, C lg H M 0 8 

50 

210 

220 

192 

95 

2 

25 

170 

190 

175 

97 

4 


10 

70 

103 

105 

48 

4 

Ricino-elaidic acid, CibH^Oj 

10 

78 

105 

91 

51 

4 

5 

47 

88 

88 

52 

2 

a>-Hydroxypenta(iecanoio acid. 

25 

140 

159 

168 

108 

2 

C\ a H 8n 0 8 

co-Hydroxy pelargonic- acid. 

10 

70 

114 

307 

58 

2 

C(»rtlNOj 







Behcnio acid, 

r>o 

165 

202 

228 

86 

8 

25 

141 

160 

156 

78 

4 

Camphor-3-carboxylic acid. 

25 

106 

124 

128 

78 

6 

CmH, # 0 8 

A-Ketostearic acid, Ci H H m O s 

25 

95 

125 

130 

75 

4 

<o*Hydroxydecanoic acid, 

^lodjo^a 

25 

84 

122 

138 

80 

2 

Elaidic acid, 

25 

62 

100 

112 

48 

2 

5 

34 

58 

78 

55 

2 

Acetic acid, C a H 4 0 2 

10 

65 

70 

— 

— 

2 

Lactic acid, C 8 H a 0 8 

10 

60 

80 

78 

66 

4 

Arachidic acid, CjoH^Oj 

50 

135 

182 

174 

96 

4 

25 

117 

168 

170 

83 

3 

p -Phenylpropionic acid, C 9 H 10 0 2 
Propionic acid, C a H 8 O s 

25 

75 

78 

86 

— 

2 

50 

117 

158 

150 

70 

3 

25 

74 

131 

— 

72 

2 

Hexahydrobenzoic acid, C 7 H 12 0 2 

25 

70 

75 

80 

— 

2 

Benzoic acid, 

.50 

102 

123 

128 

76 

4 

n-Hexanoic acid, 0 4 H 12 O 2 

50 

95 

140 

130 

71 

4 

Undecylenic acid, 0,jH 8# 0 8 
Sulphoricinoleic acid, C l8 H 84 0*S 

25 

65 

95 

112 

54 

2 

50 

80 

121 

117 

73 

2 

Pelargonic acid, C„IL 8 0 2 

25 

55 

98 

107 

— 

o 

Cinnamic acid, 0 9 H 8 0 2 

50 

60 

75 

77 

58 

2 

w-Hydroxyundecanoic acid, 

25 

56 

90 

98 

65 

2 

Phenylacetic acid, (> 8 H 8 0 8 

25 

52 

85 

— 

— 

2 

Phenylpropiolic acid, C 8 H 8 0 2 

25 

46 

88 

95 

41 

5 

Tetrolio acid, C 4 H 4 0 2 

25 

30 

64 

— 

— 

2 

Testosterone alone 

— 

42 

66 

75 

55 

4 

Sesame oil 

— 

14 

41 

49 

57 

3 


their irritating effect. The relationship between constitution and effect of fatty 
acids as described in the earlier papers [1936,1, 2] can be summarized as follows: 

Saturated fatty acids are more effective than unsaturated fatty acids. 

Simply unsaturated fatty acids are more effective than unsaturated fatty acids with several 
double bonds. 

Unsaturated fatty acids of the trans-aeries are more effective than unsaturated fatty acids of 
the cM-series. 

Unsaturated hydroxylated fatty acids are more effective than unsaturated fatty acids without 
a hydroxyl group 
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From this we deduced that the hydroxylated saturated fatty acids should prove 
to have the greatest activity. This is confirmed, as will be seen from Fig. 2 in 
which the series of saturated fatty acids is compared with a number of saturated 
hydroxy-fatty acids 1 in respect of the produced weight of the seminal vesicles. 


Daily dose of acid in mg. 

Fig. 1. Effect of the addition of some organic acids to testosterone on the weight of seminal 
vesicles. 1, ai-Hydroxytridecanoic acid; 2, to-hydroxymargarie acid; 3, u >-hvdroxvpalmitic 
acid; 4, pyruvic acid; (», palmitic acid; 8, ricino-elaidie acid; 10, stearic acid; 13, behenic 
acid; 14, behenolic acid; 19, bras si die acid; 49, testosterone alone; 50, sesame oil. 

X, “natural” A-substancc preparation from urine. 



2 4 6 8 10 12 14 16 18 20 22 

Number of C atoms of acids 

Fig. 2. Effect of hydroxylated and non-hydroxylated fatty acids on the activity of 
testosterone in relation to the number of 0 atoms of the acids. 

— Daily 50 mg. saturated normal fatty acid t 

x - x Daily 25 mg. saturated normal fatty acid 

a-a Daily 25 mg. saturated normal hydroxylated fatty acid f + testosterone. 

▲ Only 20 mg. acid J 


The dependence of the effect of the fatty acids upon the number of their 
carbon atoms is striking. Near C 10 a minimum action is attained whilst near 
C 16 a pronounced maximum is observed. Whether with higher acids than a 
still further increase in activity would result is problematical and requires further 
investigation. 

A marked effect is observed with lactic acid and especially with pyruvic 
acid, an oc-keto-acid, in contrast to A-ketostearic acid. It may be worth while 

1 The <o-hydroxy-fatty acids were kindly supplied to us by Messrs Firmenioh and Co., Geneva, 
through the courtesy of Prof. Ruzicka. 
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ValueH obtained with brassidie acid instead of palmitic acid. 
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to study still higher a-hydroxy- or a-keto-fatty acids. The apparently very high 
activity of co-hydroxytridecanoic acid requires still further investigation; in 
fact the number of experiments made with most of the acids was insufficient to 
yield definite results. Glycerophosphoric acid showed very high activity. 

II. The activation of other compounds with male hormone activity 
by the addition of organic acids . 

Table II shows the effect of palmitic acid (or brassidic acid) on a number 
of other male hormone preparations. The results obtained with testosterone 
are also given for comparison. From this it is seen that the activities of cis- and 
/raiw-androsterone, testosterone and androstanedione are not changed; a 
moderate effect is observable in the case of the 17-ethyl compounds (17-ethyl- 
testosterone and 17-ethyldihydrotestosterone) and a still greater effect in the 
case of androstenedione and frana-androstenediol. The most pronounced in¬ 
fluence, however, is exerted in the cases of androstane-3-ciV 17 -tram-diol, 17- 
methyltestosterone and 17 -trans- testosterone. It certainly seems that a hydroxyl 
group in the 17-Jmrw-position in combination with one in the 3-ci$-position or 
with an a, /?-unsaturated keto-group in the 3-position contributes specially to the 
activating effect. 

Deanesly & Parkes [1936] recently confirmed our findings as regards the 
possibility of increasing the effect of an oily solution of testosterone by addition 
of palmitic acid. Contrary to us they found that the effect of androsterone, 
given in a total dose of 10 mg., could also be increased to a certain degree. 


III. The activation of testosterone by the addition of alcohols etc . 

Since the hydroxy-acids exhibited marked activating properties it was 
interesting to study the effect of the monohydric alcohols. As seen from Table III 
the activating power of these alcohols is very considerable 1 and attains a 


Table III. 


Preparation used +50 y testo¬ 
sterone daily in 0*5 ml. sesame oil 

Ethyl alcohol, C. 

Propyl alcohol, C| 
woPropyl alcohol, C s 
Butyl alcohol, C 4 
Hexyl alcohol, C. 

Octyl alcohol, C 9 
Dodecyl alcohol, C lg 
Cetyl alcohol, Cm 
S tearyl alcohol, 0 18 
Oleyl alcohol, C 18 
Cinnamyl alcohol, C, 


Ethyl propionate 
Methyl butyrate 
Methyl valerate 
Methyl stearate 
Monostearin 


Testosterone alone 
Sesame oil 


Daily 

quantity 

of 

Weight of the glands in mg. 

A_ 

No. of 
rats 

f 



- \ 

per 

alcohol 

Seminal 


Cowper’s 

Preputial 

experi¬ 

mg. 

vesicles 

Prostate 

glands 

glands 

ment 

50 

82 

98 

106 

61 

2 

50 

117 

156 

152 

66 

2 

50 

120 

150 

145 

80 

2 

50 

72 

110 

130 

68 

4 

50 

95 

125 

120 

70 

4 

50 

77 

115 

125 

50 

2 

50 

95 

98 

120 

72 

2 

50 

125 

165 

185 ' 

95 

4 

50 

200 

220 

210 

71 

4 

50 

87 

111 

110 

59 

2 

50 

80 

81 

70 

45 

2 

50 

33 

66 

70 

48 

2 

50 

44 

65 

80 

48 

2 

50 

56 

80 

78 

55 

2 

50 

43 

89 

75 

54 

2 

50 

40 

76 

72 

56 

4 

— 

42 

66 

75 

53 

_ 

—• 

14 

41 

49 

57 

— 


1 It was established by titration that the activity of these alcohols is not due #> admixture 
with the corresponding fatty adds. 
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strikingly high maximum with stearyl alcohol. (These values were obtained 
under the same experimental conditions as those used in previous experiments.) 
On the other hand, the corresponding unsaturated oleyl alcohol is much less 
effective. As already mentioned, testosterone in glycerol—a trihydric alcohol— 
is completely ineffective. It is still doubtful whether testosterone is also inactive 
in entirely pure triglycerides since one cannot exclude the possibility of the oils 
previously tested [Miescher et ah 1936, 2] containing some “natural” X- 
substances. 

Table III likewise gives information as to the addition of fatty acid esters to 
oily solutions of testosterone; methyl valerate alone shows a slight effect. 

It was natural to suspect a certain connexion between activation and surface 
activity. In fact it has been found that some of the known wetting agents are 
likewise more or less effective, but very irritating. 

IV. The activation of testosterone by the addition of “ X-substances”. 

David et ah [1935] described for the first time the activating action of certain 
acid fractions of extracts derived from testes and other organs, or from body 
fluids like urine, in combination with testosterone. From Fig. 1 it will be 
observed that 3 mg. of an X-substance preparation, obtained by Dr Locher in 
our laboratories from urine, together with 50 y testosterone will increase the 
weight of the seminal vesicles from 14 to 95 mg., that is to say about treble 
the increase produced by testosterone alone. This effect is approximated only 
by that produced by some hydroxy- and keto-acids. 

The Amsterdam investigators [Polak ct al. 1936,1, 2] believe that there exists 
a specific difference between the “natural” X-substanee 1 and the carboxylic 
acids found effective by us. However, this appears to us hardly probable. As 
Dcanesly & Parkes have already reported, the difference is more quantitative 
than qualitative. Some time ago [1936, 1, 2] we drew attention to the fact that 
large quantities of free palmitic acid art* present in the testes. Besides this, 
however, there exists in them an apparently very complex mixture of other, not 
yet identified, but also effective acids. It is quite probable that all the acids 
present participate in the general activating action according to the quantity 
in which they are present and the degree of their activity. Possibly the attain¬ 
ment of an optimum effect depends on the proportion in which the acids are 
mixed. If we understand correctly the investigators of the Amsterdam group, 
the difference between our carboxylic acids and the X-substances lies in the 
fact that the latter not only improve the absorption of the hormones at the site 
of injection but also enhance the effect of the hormones on the test organs. This, 
however, has not been proved. It is also doubtful if any acids, e.g. those found 
in the testes, or even those found in the urine, are connected with the activation 
of the testicular hormone under natural conditions [see also Miescher et ah 
1936, 3]. 

The assumption of Polak et at . [1936, 1, 2] that all our effective acids could 
contain small amounts of the natural X-substance does not seem probable since 
our list also includes synthetically prepared acids of high activity. 

1 These authors specially point out that one of their X-substance preparations isolated from 
urine is effective in a daily dose of 0*3 mg. together with 70 y androstanediol. The weights of the 
seminal vesides and of the prostata amounted to only 25 mg. each in comparison with 14 and 
25 mg. respectively with androstanediol alone; therefore it iB difficult to compare cheir findings 
with ours. We preferred for our experiments greater differences which are far be>ond the limits 
of error. 
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Finally it may be mentioned that the X-substance, as Freud ct al. [1935] 
have shown, activates testosterone and androstanediol, but not androsterone. 
This fact agrees with our findings regarding the use of palmitic acid and points 
likewise to an effect of similar nature. 

Summary. 

1. The activating effects of about 40 carboxylic acids on the effect of testo¬ 
sterone have been tested on castrated rats. These experiments supplemented 
earlier tests. It was observed that the saturated normal fatty acids exhibit 
certain regularities. In this series, acids with about 10 carbon atoms showed a 
minimum action while those with about 16 carbon atoms showed a decided 
maximum. Hydroxylated saturated or unsaturated fatty acids are as a rule more* 
effective than saturated or unsaturated fatty acids without a hydroxyl group. 

2. cis- and trans -Androsterone as well as androstanedione are not activated 
by palmitic acid. The most pronounced effect is observed with those malt* 
hormone preparations which, like testosterone, methyltestosterone and andro- 
stane-3-ci$-17-£ran$-diol, possess a hydroxyl group in the 17-<ran£-position in 
combination with a hydroxyl group or with an a, /}-unsaturated keto-group in 
the 3-position. 

3. In the rat test monohydric alcohols also increase the effect of testosterone. 
Of those tested, the saturated sfcearyl alcohol is the most effective whilst the 
unsaturated oleyl alcohol is less effective. This is in agreement with our findings 
in the series of fatty acids where also the saturated are more active than the 
unsaturated. Certain wetting agents also exhibit an activating effect. 

4. Acid fractions obtained from testes contain, in addition to palmitic acid, 
other more effective components. Probably the so-called natural activator 
represents a mixture of acids which differ only quantitatively as regards their 
activating effects. The question is left open to what extent, if any, such acids 
actually influence the activity of the genuine male hormones of the testes. 
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I. The activation of testosterone by esterification. 

We showed in an earlier paper [1936, 1) that on injecting testosterone and 
palmitic acid at different sites in the body of the rat an activating effect could 
no longer be observed when the sites of injection were too far apart. In our 
opinion this suggested that the carboxylic acids have no effect on the sex organs 
themselves, but rather a local effect at the site of injection, in creating more 
favourable* conditions for the absorption of the administered solution. Deanesly 
& Parkes [1930, 1], who confirmed the fact itself, suggested that the increased 
effect was due to retardation of the absorption of testosterone. They point to 
the retarded effects of benzoates of oestrone and oestradiol and are of the 
opinion that one cannot exclude the possibility of esterification of testosterone 
by the acid added, even during the preparation of the solution. However, the 
possibility of activating testosterone by primary alcohols and especially the fact 
that we found testosterone palmitate and stearate to have practically no effect 
are jn conflict with this theory. 

We decided, however, to investigate thoroughly the problem of testosterone 
esters. Testosterone acetate and benzoate had already been tested. Tschopp 
[1936] found the former to be just as effective as testosterone, whilst according 
to Deanesly & Parkes [1936, 2] the latter is practically ineffective on the capon’s 
comb. In order t*o compare these findings we prepared a new series of testo¬ 
sterone esters with aliphatic acids. 1 Information is given in Table I concerning 
the properties of the two already known and the nine new esters. 



Number of 

C atoms of 
the acid 

Table I. 

M.r. of the ester 

One 

international 
(capon’s comb) 
unit is 

equivalent to 

Number of 
international 
units contained 


residue 

(eorr.) 

y 

in 1 mg. 

Formate 

1 

127-129° 

20 

50 

Acetate 

2 

140-142° 

20 

50 

Propionate 

3 

121-123° 

20 

50 

w-Butyrate 

4 

111-113° 

60 

17 

twButvrate 

4 

134-136° 

70 

14 

n-Valerate 

6 

109-1 ir 

200 

5 

mo Valerate 

5 

138-140° 

250 

4 

n-Decanoate 

10 

55- 57° 

350 

3 

Palmitate 

16 

72-74° 

>1000 

<1 

Stearate 

18 

79-80° 

>1000 

<1 

Benzoate 

7 

198-200° 

>1000 

<1 


1 See also our preliminary report [1936, 2]. The chemical part of this work will he publish© d 
by Euasicka & Wettstein [1936], 
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(a) Effect of the esters on the capon's comb. Technique. The daily dose of the 
compounds investigated was dissolved in 0*5 ml. sesame oil and injected for 
6 days into healthy capons. The increase and decrease of the surface of the 
comb was controlled by measuring the shadow pictures by a planimeter. 

The effects of the various esters are to be seen on Fig. 1. The graphs show 
the average values obtained on 3-4 animals. It will be seen that the actions of 
the formate, acetate and propionate arc the most rapid and pronounced. The 



2 3 4 6 

t t f f t 


'T.-proptonatr 
T.-aorUtr 
T.-n-butyralr 
"T.-forma tr 
'T.*wobutyrat* 
'T.-fi’butyrate 

30 day* 


Fig. 1. Effect of testosterone esters on the capon comb (daily injections during 6 days). 
- With daily dose of 50 y-With daily dose of 100 y. 

T = Testosterone. 
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Fig. 2. Time course of effect of approximately l international capon unit of 
different testosterone esters on the capon comb. 

T~ Testosterone. 


duration of the effect is somewhat longer with the propionate. The intensity of 
action then decreases rapidly as the number of carbon atoms of the esterified 
acids increases. It disappears almost entirely with palmitate, stearate and 
benzoate. 
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To convert the results into international units the doses of the esters were 
reduced to such an extent that a maximum increase of the surface of the comb 
amounting to about 30% of the original surface was obtained, equal to the 
action of 100y androsterone under our test conditions. 1 From Fig. 2 it will be 
seen distinctly that the higher the mol. wt. of the csterified acid, the later the 
maximum increase of the surface of the comb is attained. For comparison it 
should be said that, conditions being equal, one international unit, i.e. 100y 
androsterone, corresponds to the activity of 15y testosterone. (Deanesly and 
Parkes found previously one unit in 17 y testosterone and Tschopp [1936], 
under somewhat different conditions, 1 unit in 13y.) 

The addition of palmitic acid does not effect either the activity of testo¬ 
sterone or its esters on the capon’s comb. 

(b) The effect of esters on castrated rats. The esters were also thoroughly tested 
on the castrated rat. All the animals used in the experiments were castrated at a 
weight of 60-80 g. and the tests not begun until 16-21 days after castration. 2 
We employed three methods. 

First method using ten injections. The castrated animals received the indicated 
doses, dissolved in 0*5 ml. sesame oil, by subcutaneous injection daily during 
10 days. On the 11th day the animals were killed and the sex organs 
weighed. Table II gives the results and Fig. 3 demonstrates graphically the 



Fig. 3. Effect of testosterone esters on the weight of seminal vesicles 
(method using ten injections). 

T = Testosterone. 

effect especially on the seminal vesicles. The surprising fact emerges that the 
lower esters 8 are far more effective than testosterone. The effects of some of these 
esters exoeed even those produced by testosterone plus 50 mg. palmitic acid. On 

1 We observed in all cases the same maximum increase independent of the day on which it 
appeared; thus a simultaneous comparison of the effects was not made. 

ft However, in all the experiments using acids as activators this interval was 25-30 days. 

* In a private communication Dr Girard of Paris informs us that he also saw more favourable 
effects on the general condition of old capons following administration of testosterone acetate in 
high doses. 
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Testosterone formate 


Testosterone acetate 


Testosterone propionate 


Testosterone n -butyrate 


Testosterone wobutyrate 
Testosterone w-vale rate 
Testosterone wovalerate 
Testosterone w-decanoate 


Testosterone benzoate 

Testosterone stearate 
Testosterone palmitate 
Testosterone 

Testosterone + daily 50 mg. 
palmitic acid 


Table II. 


Daily 

dose 

y 

Weight of the glands in mg. 

.V. . 


Seminal 

vesicles 

Prostate 

Cowper’s 

glands 

\ 

Preputial Number 
glands of rats 

500 

460 

360 

240 

146 

2 

200 

4(H) 

363 

283 

136 

4 

100 

281 

290 

217 

111 

6 

50 

214 

225 

215 

96 

4 

25 

153 

171 

171 

70 

4 

10 

37 

60 

90 

56 

2 

5 

32 

64 

88 

36 

2 

500 

380 

356 

220 

137 

4 

200 

383 

357 

228 

136 

2 

100 

317 

298 

227 

104 

5 

50 

218 

241 

195 

86 

8 

25 

142 

180 

175 

75 

4 

10 

30 

62 

83 

49 

2 

5(H) 

430 

380 

266 

145 

2 

2(H) 

444 

375 

244 

131 

4 

100 

334 

299 

190 

101 

4 

50 

225 

270 

190 

89 

4 

25 

150 

155 

155 

65 

4 

10 

30 

50 

50 

36 

2 

5 

20 

47 

62 

33 

2 

KXK) 

466 

422 

258 

202 

2 

500 

458 

395 

255 

155 

4 

200 

332 

383 

233 

104 

4 

100 

223 

290 

231 

86 

4 

50 

181 

185 

190 

73 

4 

25 

64 

102 

152 

70 

4 

10 

22 

58 

81 

45 

2 

5 

16 

48 

59 

55 

2 

50 

64 

94 

105 

60 

4 

50 

122 

152 

146 

60 

4 

50 

34 

55 

77 

50 

4 

500 

246 

185 

183 

92 

2 

200 

100 

95 

116 

61 

3 

100 

19 

47 

58 

35 

4 

50 

15 

38 

50 

45 

4 

25 

12 

34 

43 

35 

4 

10 

13 

35 

40 

30 

2 

5 

11 

28 

42 

28 

2 

500 

247 

254 

205 

103 

2 

200 

130 

142 

136 

80 

4 

100 

47 

64 

84 

46 

4 

50 

17 

42 

50 

39 

8 

1000 

30 

50 

50 

32 

2 

500 

19 

39 

45 

37 

2 

500 

22 

45 

47 

36 

2 

200 

17 

43 

45 

37 

2 

500 

127 

173 

165 

88 

2 

200 

124 

176 

162 

81 

4 

100 

62 

86 

140 

58 

4 

50 

42 

66 

75 

55 

4 

500 

354 

350 

241 

150 

2 

200 

272 

280 

212 

110 

4 

100 

263 

263 

206 

to 

4 

50 

220 

209 

165 

78 

4 
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the other hand palmitic acid does not change the effect of, for example, testosterone 
acetate (see section III). Whilst the formate, acetate, propionate and butyrate 
show practically the same effect, the latter decreases rapidly when we pass to 
higher esters and to those containing a branched instead of a straight chain 
acid residue. Palmitate and stearate arc almost ineffective, whilst benzoate and 
ft-decanoatc in higher doses show pronounced activities in this test. 




Fig. 5. Effect of testosterone esters on the weight of prostate 
(method using two injections on the 1st and Sth day). 

T = Testosterone. 


It is worth mentioning that the maximum effect is obtained already with 
small doses of tho lower esters; higher doses do not materially increase this 
effect. In no way can it be attained with testosterone alone, even in high doses. 
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The former findings of Tschopp [1936] that there was no difference between 
the effect of testosterone and that of its acetate is explained by the fact that at 
that time an older oil, probably rich in activators, was used. As a result of this, a 
wrong impression was obtained of the activity of testosterone, whilst on the 
other hand the effect of the acetate was not influenced. It would be desirable to 
employ inert solvents such as paraffin oil for elaborating these tests; however, we 
generally refrained from using such inert oils since in clinioal practice only fatty 
oils are used. 

Second method using tux> injections with an interval of 5 days. The above 
experiments show the effect of the esters only on the 11th day following the 
beginning of the test, but do not give any idea as to the time course of the 
action. In order to ascertain this, relatively high doses of 1 mg. each, dissolved 
in 1 ml. sesame oil, were injected into castrated rats on the 1st and 6th days 
of the experiment. Some of the animals were killed and examined on the 
11th day, others at further constant intervals of 5 days. 

The effects on the seminal vesicles and prostates are shown in Pigs. 4 and 5. 
The course of the effect on the other organs weighed (preputial glands, Cowper’s 
glands) is quite similar. The general picture of the results obtained with the ten- 
injections method is changed to a marked degree by the new method. Now on the 
11th day the effect of testosterone has already disappeared whilst that of the 
esters is more or less prolonged. There is a striking difference between the formate 
and acetate on the one hand, whose effects arc already very small on the 11th day, 
and on the other hand the neighbouring higher esters, beginning with the 
propionate, which show very high activities. Propionate attains its optimum 
effect at the 11th day, or earlier, butyrate at the 16th and n- valerate only at the 
21st day. In the last case especially the increase of the effect is retarded; on the 
other hand it is the curve of this ester which attains the highest level. The 
isocompounds, such as isobutyrate and especially iso valerate, have distinctly 
weaker effects than the corresponding normal esters. The activities of n-decanoate 
and benzoate are considerably retarded and diminished but arc therefore of 
relatively long duration. In this test stearate and palmitate showed no 
effect. 

Third method using a single injection. In order to obtain a still clearer picture 
of the development of the effect with time we administered in another series of 
experiments on the 1st day a single dose of 2 mg., dissolved in 2 ml. of sesame 
oil. We began with examination of the rats already about the 4th day, using at 
least three animals for the determination of each value. The results regarding 
the seminal vesicles and prostates are given in Figs. 6 and 7. The effect of testo¬ 
sterone compared with that of the esters is again remarkably slight. As in 
the foregoing test, the formate and acetate are as effective as testosterone plus 
200 mg. of palmitic acid. Their maximum effects are observed already on the 
6th day. With propionate, butyrate and valerate, the maximum attains a much 
higher level than with the lower esters. The whole activity lasts at least 2-4 weeks. 
In spite of this more intensive and protracted action of these highly active esters, 
the rate of increase of the effect compared with formate and acetate is not 
diminished. This is, however, the case with the less effective esters of testo¬ 
sterone, like tt-decanoate and benzoate. 

We found that the testosterone esters act not only on the sex organs of the 
castrated rats but also on those of the uncastrated rats; we shall return to this 
question at a later date. 

Besides the testosterone esters we examined under the new test conditions 
on the rat (and also on the capon’s comb) a considerable number of esters of 
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Fig. 7. Effect of testosterone esters on the weight of prostate (method using a single injection). 

T sa Testosterone. 

II. The ratio between the activities of testosterone esters on the seminal 
vesicles and on the prostate and between those on capons and rats . 

In Fig. 8 the ratio between the activities of testosterone esters, of free 
testosterone and of testosterone+palmitic acid on the seminal vesicles and 
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Weight of prostate in nig. 

Fig. 8. The ratio between the activity of testosterone esters on the 
seminal vesicles and on the prostate, 
x T. -formate. A T.- isobutyrate. ® 7\-benzoate. 

® jT.-aeetate. □ 7\- n- valerate. • Testosterone ( -T.). 

O T. -propionate. g) T.-iso valerate. x T. -fdaily 50 mg. palmitic 

A T.-n- butyrate. & T.-n-decanoate. acid. 



Daily dose in international capon units 

Fig. 9. The ratio between the activities of testosterone esters on the seminal vesicles 
of the rat and on the capon comb, 

T =Testosterone. 



Table III. 

])aiiv 

dose (y) Without palmitic acid With 50 mg. palmitic acid daily 

dissolved Weight of the organ* in mg. Weight of the organs in rag. 
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prostate, according to the 10-days test, is shown graphically. With the exception 
of the benzoate all the active esters in higher doses produce seminal vesicles 
which are heavier than the prostate, as is the case in the normal adult rat. With 
testosterone + palmitic acid equality of weights is reached; with testosterone 
alone in all doses the seminal vesicles are lighter than the prostate, as is the 
case in the infantile or castrated rat. When comparing the maximum weights 
of seminal vesicles and prostates of rats obtained according to the second and 
third test methods (repeated and single injection), it is remarkable that only by 
using highly active esters, such as propionate etc., can a weight of the seminal 
vesicles surpassing that of the prostate be obtained. 

It was recently shown by Deanesly & Parkes [1936, 2] that testosterone is 
about as active on the seminal vesicles and prostates as androsterone when 
given in doses containing the same number of capon units; thus there is still a 
considerable difference between the qualitative actions of testosterone and 
testicular extracts. As will be seen from Figs. 9 and 10 (rat test using ten in¬ 
jections) the esters of testosterone and also testosterone -f palmitic acid appear 
to act much more favourably in this respect, so that similar conditions are 
attained as by using testicular extracts. 

III. The influence of acids on the activity of esters . 

Table III gives particulars of the results of our experiments to determine 
the influence of palmitic or brassidic acid on the effects of the esters of testo¬ 
sterone, androsterone, /raws-dehydroandrosterone and androstanediol in the 
10-days test. Pronounced increases of activity were only observed with testo¬ 
sterone benzoate and androstanediol benzoate (but not with androsterone 
benzoate). 

Table IV contains results of experiments made to determine the influence of 
the solvent on the effects of testosterone and testosterone acetate, with and 
without an activator, on the seminal vesicles and prostate. Testosterone in 50 % 


Table IV. 


Testosterone in sesame oil 
Testosterone in glycerol 50% 

Testosterone in glycerol + daily 50 mg. 
ricinoleic acid 

Testosterone in paraffin oil 

Testosterone in paraffin oil+daily 50 mg. 
palmitic acid 

♦Testosterone acetate in sesame oil 

♦Testosterone acetate in sesame oil + daily 
50 mg. palmitic acid 

Testosterone acetate in paraffin oil 

Testosterone in glycerol 50% 

Testosterone acetate in glycerol + 50 mg. 
ricinoleic acid 


Weight of glands in mg. 


Daily 

dose 

y 

r 

Seminal 

vesicles 

-A-^ 

Prostate 

Number 
of rats 

50 

42 

66 

4 

500 

20 

— 

2 

50 

10 

46 

2 

50 

221 

205 

2 

50 

15 

44 

2 

50 

126 

145 

2 

200 

383 

357 

2 

50 

218 

241 

8 

200 

302 

334 

2 

50 

210 

279 

2 

200 

252 

293 

2 

50 

65 

105 

2 

125 

45 

72 

2 

50 

12 

36 

2 

125 

215 

283 

2 


♦ See also Table III. 
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glycerol, as well as in paraffin oil, is almost ineffective; the addition of acids and 
particularly of 50 mg. ricinoleic acid to the glycerol solution activates it to a 
striking degree. On the other hand we had formerly found that an oily solution of 
testosterone is only slightly influenced by the addition of ricinoleic acid. In the 
experiment with glycerol an unsaturated hydroxy-acid was chosen instead of 
palmitic acid since the latter is only slightly soluble in glycerol. 

Testosterone acetate dissolved in paraffin oil is loss effective than in sesame 
oil. It dissolves badly in aqueous glycerol and its effect is only very slight 
therein. In this instance also the effect can be increased almost to the normal 
level by the addition of 50 mg. ricinoleic acid. Thus the remarkable fact emerges 
that the effect of testosterone acetate, when dissolved in aqueous glycerol, is 
increased by the addition of an activator, but that such an addition does not 
increase the effect when testosterone acetate is dissolved in sesame oil. Further 
investigations will be required in order to elucidate this result. 



Fig. JO. The ratio between the activities of testosterone esters on the prostAte 
of the rat and on the capon comb. 

T = Testosterone* 

IV. The activation of testosterone by other hormones. 

For the sake of completeness it should be mentioned that the effect of 
testosterone can also lie enhanced by addition of other hormones. The reciprocal 
influence of the anterior lobe of the pituitary gland is well known. After the 
Amsterdam investigators had described the "paradoxical” influence of the 
female hormone on the male sexual organs, Korenchevsky [1935; Korenchevsky 
& Dennison, 1935; Korenchevsky et al . 1935,2], Tschopp [1936] and Steinach et al. 
[1936; see also Ciauberg, 1936; Petterson, 1936] recently demonstrated in rats 
the reinforcing influence of oestrone and its derivatives on the effect of the male 
hormones. 
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V. The question of the standardization of the male sex hormones . 

At the “Second conference on the standardization of sex hormones” 1 
appointed by the League of Nations Health Organization, and held during the 
summer of 1935, a standard was fixed for male sex hormone preparations. 
According to this the unit of activity was defined as the activity of 0*1 mg. of the 
standard androsterone preparation as measured by a specific biological reaction. 
In the opinion of the members of the conference, the capon’s comb test 
was at that time the only specific test which allowed comparison with the 
standard. Attempts were recommended to improve the standardization by 
using mammals. 

The reference to the specificity of the capon’s comb test is, according to our 
investigations, warranted, since it is less suceptible to influences of the medium 
than the rat test; in particular no activating effect has so far been observed on 
the comb. Even comparison of the standard with esters having protracted 
action is possible, provided that only the optimum effect is considered and that 
the demand for simultaneous reading of the standard effect and that of the 
preparation is abandoned as in our experiments. In this manner it is possible to 
avoid the trouble of having to choose a new standard for every ester. 

It ought to be possible to standardize not only the intensity but also the 
duration of the effect, for example, by determining the ratio of the number of days 
in which the maximum effect is attained, on the one hand by the stipulated 
quantity of the standard and on the other by the compound to be tested. The 
notion that two preparations, showing the same activity when expressed in 
international units, must agree in all their pharmacological properties is not 
justified, since it is known that the relation between the effects on the capon’s 
comb and on the rat can also be quite different when various preparations are 
tested. Even the relationship between the effects on the seminal vesicles and 
on the prostate can vary to a considerable extent [see also Deanesly & Parkes, 
1936, 2]. Therefore, evaluation in units always relates only to a narrowly limited 
property and no indication is given as regards other actions; if it is desired to 
standardize these, other tests and new units will be needed. 

The question, however, whether the capon test is sufficient for the char¬ 
acterization of male sex hormone compounds, must be answered in the negative; 
testosterone benzoate for example is practically ineffective in this test, but 
effective in the rat. 

In view of the above, the following conclusions may be drawn in connexion 
with the testing of male sex hormone preparations: 

(1) In addition to capon units, rat units should be introduced [see e.g. 
Korenchevsky et al. 1935, 1; 1936]. 

(2) The comparison can only refer to a narrowly limited property. 

(3) For this purpose, as the basis for comparing the intensities of effect, only 
the maximum effects produced by the standard and the preparation should be 
selected, without regard to the time when the maxima appear. The duration of 
the effect affords a special characterization. 

(4) The methods used for the tests must be exactly standardized. 

The characterization of the effect of a preparation in units is only a tem¬ 
porary expedient. Every substance is really only comparable with itself. Never¬ 
theless the definition of generally accepted standards is of great practical 
importance because it facilitates a quick evaluation of the most varied pre¬ 
parations in an accepted measure. 

1 This conference was attended by one of ns (K.M.), 
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Summary. 

1. Eleven testosterone esters (nine of them new), especially with acids of the 
aliphatic series, have been prepared and examined as regards their effects. 

(a) The lowest esters (formate, acetate and propionate) are the most effective 
on the capon s comb. The longer the carbon chain of the fatty acid residue, the 
more protracted is the effect, but meanwhile the intensity decreases rapidly. 
Palmitate and stearate, as w r ell as benzoate, are practically ineffective. 

(ft) In the rat test (seminal vesicles, prostate etc.) the lower esters of testo¬ 
sterone are generally many times more effective than testosterone alone. For 
the first time in addition to the intensity the duration of activity of male hor¬ 
mone preparations was also tested on rats; in this way it was shown that in both 
respects testosterone formate and acetate give results approximately similar to 
those obtained with testosterone plus an activator. However, higher esters, 
from propionate upwards, proved to be much more effective. According to the 
test the activity reaches maximum intensity and duration in the cases of the 
n- and iso-butyrates or n-valerate. When we pass to still higher esters, especially 
to n-decanoate and benzoate, the rise in effect is already greatly retarded and its 
maximum diminished. Testosterone palmitate and stearate are ineffective. 

2. When the capon and rat tests are considered simultaneously testosterone 
propionate shows an especially favourable total action. Comparing testosterone, 
testosterone 4- palmitic acid (or testosterone acetate) and testosterone pro¬ 
pionate by the method using one injection of 2 mg., the maximum increases in 
the weight of the seminal vesicles of castrated rats obtainable are in the pro¬ 
portion of approximately 1:4:12. 

3. According to the different test methods on the rat, only by using esters 
of testosterone, like the propionate etc. is it possible to produce in the castrated 
infantile rat seminal vesicles heavier than the prostate, as is the case in the 
normal adult rat. Using fret' testosterone the prostate remains always heavier 
than the seminal vesicles, as is the ease in castrated and infantile rats. 

4. Testosterone esters are relatively more effective on rats than on capons, as 
is also the case with natural testicular extracts, and differ in this respect from 
androsterone and even from testosterone. In the case of the lower esters, up to 
the propionate, this favourable relation is due to a high activity on rats, not to a 
low effect on capons. 

5. The effects of the esters of the testosterone and androsterone series are 
in general not increased by addition of acids when dissolved in fatty oils. The 
specially low activity of testosterone acetate in 50 % glycerol however is nearly 
brought to the normal by the addition of ricinoleio acid. 

0. The recommendation to introduce besides capon units also rat units is 
again put forward. The methods of standardization should be accurately defined. 
Instead of simultaneous comparison between the standard and the preparation 
to be tested, comparison of the maximum intensities of the effects independently 
of their time of occurrence is recommended. Intensity and duration of the effect 
cannot be fixed by one unit alone. The duration of the effect should be char¬ 
acterized separately. 
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Note added 9 October 1936 . Our results regarding the aetivities of the 
testosterone acetate and propionate have been fully confirmed in the meantime 
by Parkes [1936] Lancet, ii, 674. This author has also made other valuable 
observations with regard to these esters. 
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VIII. THE HYDROLYSIS OF PHYTIN 
IN THE INTESTINE. 

By JAMES TEMPLETON LOWE and HARRY STEENBOCK. 

From the Department of Agricultural Chemistry, University of Wisconsin , 

Madison , 

(Received 18 August 1936.) 

Interest in the availability of phytin-P was stimulated by the report of Bruce & 
Callow [1934] that the raehitogenic manifestation of cereals was effected by the 
low availability of cereal P. MeOanoe & Widdowson [1935] found that in man as 
much as one-half of the phvtin-P was unavailable. The possible importance of 
this was revealed by their analyses which showed that phytin-P accounted for 
46-4~66-0% of the total P present in the common cereal grains such as wheat, 
maize and rolled oats. 

Recently it was shown by Teinplin & Steenbock that immature maize 
[1933, 1] and germinated autolysed maize [1933, 2] were far less raehitogenic 
than the matured kernel. This difference w T as demonstrated by Lowe & Steenbock 
[193b] to be paralleled by an increase in inorganic P. Phytin, isolated from 
wheat bran, when fed as such was a poor source of phosphorus in a raehitogenic 
ration. The basal ration used in these experiments was Ration 2965 composed of 
76% yellow maize, 20% wheat gluten, 3% CaC0 3 and 1 % NaCl. 

In view of these results, it seemed desirable to determine if phytin-P were 
generally unavailable or if its unavailability were but an artefact produced by an 
unusual diet. The high content of calcium in Ration 2965 might conceivably have 
altered relations so as to present an unusual picture of phosphorus availability. 
For this determination additional exfieriments have now been carried out using 
adult rats as the experimental animals. 

Experimental. 

Metabolism of phytin and inorganic P. 

Both high and low calcium rations were fed. Four female rats weighing 
approximately 200 g. w r ere used for each ration. Individual collections and 
analyses of excreta were made for two 4-day periods for each animal. All 
animals were kept on their resj)ective rations for a preliminary period of not less 
than 4 days, but always until their food consumption was normal and their 
weights showed no decline. Food consumption was equalized so far as possible. 

The urines were collected under toluene. The faeces were preserved by allow¬ 
ing them to drop into a collection chamber in which the air was saturated with 
vapour of formaldehyde. They were dried overnight at 1(X)°, then finely ground 
for analysis. Both faeces and urine were analysed for inorganic and total P 
using essentially the method of Fiske & Subbarow [1925]. 

1 Published with the permission of the Director of the Wisconsin Agricultural Experiment 
Station. 
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The low calcium basal ration consisted of yellow maize 70, wheat gluten 20, 
sodium chloride 1, or, in other words, Ration 2965 from which the CaC0 3 had been 
omitted. Analysis showed it to contain 0*058% Ca and 0*28% P. When phos¬ 
phorus was given it was added as disodium hydrogen phosphate or as phytin. 
Calcium was added as the carbonate. The phytin was prepared from wheat bran. 
It was free from inorganic P. It was mixed, as a fine powder, directly into the 
basal ration. The disodium hydrogen phosphate was added in solution, by dis¬ 
solving it in a minimum of water and then evaporating it on the ration. The 
P supplements provided five times the amount of phosphorus present in the basal 
ration. The P supplements were made ample to reduce the proportionate effect 
of the non-phytin P compounds of the basal ration. 

The most significant result from our feeding experiments when phytin was 
the source of P was the marked diminution in its hydrolysis effected by the 
presence of CaC0 8 . The urinary P dropped to mere traces and the total excretion 

Table I. Effect of CaC0 3 on the retention and excretion of phytin-P. 

Averages of 8 analyses on 4 rata over two 4-day periods. 


Total P Urinary P Faecal P 

. .. . A . — -____„ ,->- 




Intake 

Output 

Balance 

Total 

" % «f 

Inorganic 

Total 

% of 

No. 

Ration 

mg. 

mg. 

mg 

mg. 

output 

mg. 

mg. 

output 

1 

Basal 

96 

83 

+ 13 

45 

54 

21 

38 

46 

2 

Basal +phytin 

493 

450 

+ 43 

112 

25 

173 

338 

75 

3 

Basal +phytin+CaCO* 

Basal +Na t HP0 4 ,12H l 0 

486 

450 

+ 36 

Trace 

Trace 

56 

450 

100 

4 

544 

411 

+ 133 

347 

84 

37 

64 

16 

5 

Basal +Na t HI*() 4 ,12H,0 +CaCO, 

510 

424 

+ 86 

185 

44 

218 

239 

56 


of inorganic P was reduced to about one-fifth of its former value. The P, in this 
case, was excreted entirely through the faeces and almost all in organic combina¬ 
tion. In the absence of CaC0 3 , phytin was hydrolysed to a small but very 
definite extent, as shown by the rise in urinary P over that resulting from the 
feeding of the basal ration alone. 

When disodium hydrogen phosphate was fed in place of phytin, the P was 
excreted, as was to be expected, chiefly through the urine. The addition of 
CaC0 3 also caused a marked reduction in the urinary P although this condition 
was not entirely analogous to that obtained when CaC0 3 was fed with phytin. 
In the case of the phytin-CaC0 3 ration, the urinary P was reduced to traces be¬ 
cause of the greatly diminished hydrolysis of phytin as shown by the lowered 
inorganic P content of the faeces as well as of the urine. However, when CaC0 8 
was given with disodium hydrogen phosphate, the total excretion of inorganic P 
remained practically the same, CaC0 8 presumably acting merely by reducing the 
absorption of P from the intestinal tract. 

A consideration of the P balances on these rations also reveals some inter¬ 
esting information. It is apparent that the greatest retention of P occurred on 
the phosphate ration, yet even in the presence of CaC0 3 the retention of P was 
higher than it was on the phytin ration alone. Small differences in P retention 
probably would not be revealed because of the use of adult animals, but these 
differences appear to be significant. 

Prom these data, it would seem justifiable to deduce two important generali¬ 
zations ; first, that phytin-P is not completely unavailable to the rat, and secondly 
that the small amount which might be available is rendered almost completely 
unavailable by the presence of CaCO a . 
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Effect of other substance# on the hydrolysis of phytin. 

In view of the pronounced inhibitory effect of CaC0 3 on the hydrolysis of 
phytin, it appeared desirable to investigate the effect of other salts which have 
been shown to increase the severity of experimental rickets to varying degrees. 
These studies were limited to following the distribution of total and inorganic P 
in the faeces. 

Table II. Effect of various compounds on the hydrolysis of phytin 


Faeces 


No. 

Ration 

Inorganic P 

'O' 

o 

Total P 

o/ 

,o 

Inorganic % 
of total 

6 

Basal -f phvtin 

2-9 

6-7 

43-3 

7 

Basal 4- phvtin -t 3 % CaC0 3 

0-86 

7-8 

110 

8 

Banal » phytin 4 3% MrCO, 

0-89 

73 

12-2 

9 

Basal + phytin +3 % SrCO a 

1*2 

7-9 

13-2 

10 

Basal f phytin - 3 % BeC0 3 

1 -2 

7*8 

15-4 

11 

Basal phytin -f 3 % A1 2 0 3 

2-3 

63 

36-5 

12 

Basal -f phytin 4 3% Fe t O s 

30 

60 

500 

The 

rations were prepared by adding 3 

° o MgC0 3 , 

SrC0 3 , JBeCOj, A1 2 0 3 or 


Fe 2 0 3 in place of the CaC0 3 . The consumption of the rations was kept relatively 
constant. The data presented in Table II show that MgC0 3 , SrC0 3 , BeC0 3 all 
produced an effect similar to CaOQ, in inhibiting the hydrolysis of phytin as 
judged by the percentage of the total P of the faeces excreted in the inorganic 
form. The total amounts of P excreted remained practically constant except in 
the case of BeC0 3 where a lower food intake led to a corresponding drop in the P 
excretion. A1 and Fe oxides caused only slight differences. Data were not ob¬ 
tained on the urinary P in these cases, so a comparison of the P balances could not 
be made. However, in view of the uniformity in P distribution in the faeces on 
all the rations, it appears likely that the modes of action of the other salts 
resembled that of Ca00 3 . 

Our attention is necessarily again directed to the means whereby the hydro¬ 
lysis of phytin is effected. The intestinal mucosa is well known to be rich in a 
phosphatase which hydrolyses glycerophosphate and a wide variety of phos¬ 
phoric acid esters. Armstrong [1935] has recently found that dog faeces are 
an excellent source for the preparation of a phosphatase: but Plimmer [1913] 
reported that extracts from the intestinal mucosa do not contain a phytin 
phosphatase—a fact which we have substantiated for both the chick and the 
rat. On the other hand, we have found both a glvcerophosphatase and a phytin 
phosphatase present in faeces and in the contents of the small and large intestines 
of the rat. This faecal phytase showed an optimum activity distinctly on the 
acid side of neutrality. 

Acid phosphatases have been reported by a number of investigators. Adler 
[1915] discovered a phytase in malt which showed an optimum activity at pH 5*4, 
and Kay & Lee [1931] reported a phosphatase in soy beans having an optimum 
pH at 5*2. Roche [1931] showed that the red blood corpuscles contained an acid 
phosphatase with an optimum pH between 6*0 and 6*8 and Davies [1934] found 
that extracts of both spleen and liver contained an acid as well as an alkaline 
phosphatase. The acid phosphatases, whether acting on phytin c*r glycero¬ 
phosphate as a substrate, are quite distinct from the dominant phosphatase of 
mammalian tissues [Kay, 1932]. In considering the mode of hydrolysis of phytin 
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in the intestine, it is obvious that the phvtase of the flora of the gastro-intestinal 
tract as well as the phytase ingested with the food warrant intensive investiga¬ 
tion. 

The availability of phytin-P in different cereals . 

In line with the premise that the gastro-intestinal environment can affect the 
hydrolysis of phytin, the question arose as to whether cereals might not differ in 
the extent to which they promote this action. The activity of the intestinal flora 
produced on one cereal might be substantially different from that produced on 
another. 

To study this question, the yellow maize component in our basal diet was 
replaced in one case by rolled oats and in another by whole wheat. Each was 
fed with and without CaC0 3 to adult female rats. The rats were kept on their 
respective rations for a preliminary period of 5 days. The urines were not 
collected because we were concerned primarily with the comparative hydro¬ 
lysis of the phytin in the rations and not with differences in Pretentions. With 
our adult rats, retention of phosphorus would naturally be low. 


Table III. Effect of varying the cereal component in Ration 296'). 





Faeces 


No. 


Inorganic F 

Total P 

Inorganic 

Modification of Ration 2965 

% 

o 

o 

of total 

13 

No modification 

0-71 

213 

33*5 

14 

Same as 13 minus Ca0O 3 

0*60 

1*25 

47-8 

15 

Rolled oats subsfcitued for yellow maize 

0-83 

2-44 

33H 

16 

17 

Same as 15 minus CaOO s 

Whole wheat substituted for yellow maize 

0-77 

0-69 

1-68 

2-06 

45*9 

33-7 

18 

Same as 17 minus CaC0 3 

045 

Ml 

401 


The results are presented in Table III. They afford no basis for assuming any 
differential action of maize, rolled oats or whole wheat. They do offer additional 
evidence in support of the fact that CaC0 3 has a definite inhibitory action on the 
hydrolysis of phytin. This action was noted without exception with each of the 
cereals studied. 

Various other modifications of the basal ration which might be expected to 
change the intestinal flora and so alter the degree of hydrolysis of phytin were 
made. Lactose, lard and vitamin D were added with and without CaC0 3 . The 
results from the effect of these additions are presented in Table IV. They show 

Table IV. Effect of various modifications of Ration 2966. 

Faeces 


No. 


Inorganic I* 

Total P 

Inorganic % 

Modification of Ration 2965 

o/ 

/o 

O/ 

/O 

of total 

19 

No modifications 

0*71 

2-13 

33*5 

20 

Same as 19 minus CaC0 8 

0*60 

1*25 

47*8 

21 

Plus 1250 u.s.p. units vitamin D/day 

0*57 

1*75 

32*6 

22 

Same as 21 minus CaC0 8 

0*45 

0*74 

60*8 

23 

Plus 10% lactose 

0*77 

1*95 

39*5 

24 

Same as 23 minus CaCO a 

035 

0*72 

48*6 

25 

Plus 30% lard 

0*51 

1*54 

33*1 

26 

Same as 25 minus CaC0 8 

026 

0*59 

44*0 


that the percentage of the total P excreted in the faeces as inorganic P was 
uniform with all rations containing CaC0 3 . In every case, these values were 
lower than those from corresponding rations without CaCO a . The vitamin D 
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supplement in the absence of CaC0 3 gave an unusually high proportion of total P 
present as inorganic P. This value stands as an isolated observation. 

The possible relation of our findings on the hydrolysis of phytin to rachito- 
genic diets used for assay purposes bears mention. Variability in the utilization 
of phytin-P may be a factor of no small significance in explaining the irregularities 
reported in the literature in the production of experimental rickets [Harris & 
Bunker, 1931; 1934; 1935]. It is obvious that our rachitogenic diets as used for 
assays should contain their P in the form of compounds of invariable nutritive 
value. Whether this can be achieved in the presence of a substantial content of 
organic P compounds appears doubtful. 

Summary. 

1. Phytin when fed to rats on a low Ca and low P ration was hydrolysed 
to a substantial though incomplete degree. 

2. The hydrolysis of phytin was greatly diminished by including 3% CaC0 3 
in the ration. This same effect was observed with the use of various other salts 
known to have a rachitogenic action. 

3. The substitution of whole wheat or rolled oats for yellow maize in the 
basal ration or the addition of lard or lactose effected no significant change in 
the excretion of P. 

4. The role of intestinal flora must be given more consideration in the 
solution of problems in nutrition than has hitherto been the case. 

The authors wish to express their appreciation to Harold A. Orlove for 
assistance in the analytical work. 


REFERENCES. 

Adler (11*15). Biochem. Z. 70, 1. 

Armstrong (1055). Biochem. ./. 29, 20*20. 

Bruce & (’allow (11154). Biochem. J. 28, 517. 

I la vies (1954). Biochem. J. 28, 529. 

Fiske & 8ubharo\v (1925). J. hiol . (’hem. 66, 374. 
Harris & Bunker (1931). Science, 73, 95. 

- (1934). J. f<ab. din. Med. 19, 390. 

-(1935). J. Xutrit. 9, 301. 

Kay (1932). Physiol. Rev. 12, 384. 

& Lee (1931). J. bid. Chem . 91, 135. 

Lowe Ik Steen bock (1936). Biochem. J. 30, 1126. 
McCance & Widdowson (1935). Biochem. J. 29, 2694. 
Plimmer (1913). Biochem. J. 7, 43. 

Koche (1931). Biochem. J. 25, 1724. 

Templin & Steenbock (1933, 1). Biochem. J . 27, 2055. 
-( 1933 , 2). Biochem. J. 27, 2061. 



CCLXXIX. THE CARBOHYDRATE METABOLISM 
OF THE KIDNEY. 

By MARION JANE LAWSON. 

From the Department of Biochemistry , University of Toronto , Toronto , Canada , 

(Received 7 April J936.) 

The chemical changes leading to the formation of lactic acid from carbohydrate 
in animal tissues have been extensively investigated. The evidence now seems to 
be fairly complete for the sequence of chemical reactions, embodied in the well- 
known scheme of Embden et ah [1933], leading to lactic acid formation in normal 
skeletal muscle; nevertheless it is believed by some that the older methylglyoxal 
theory is not yet entirely discredited and that it must be regarded as one which 
represents an alternative path of glycolysis in muscle. Lactic acid formation in 
frog heart has been studied extensively by Gaddie & Stewart [1934] and by 
others; Ashford & Holmes [1929] and Ashford [1933; 1934] have made similar 
studies using brain tissue. The conclusion reached was that brain tissue may 
form lactic acid in either of two ways, namely by the breakdown of glycogen 
with the intervention of phosphate and by the degradation of glucose without 
the participation of phosphate. The work of Jost [1934] on the formation of lactic? 
acid in ox kidney brei led him to conclude that carbohydrates in the kidney are 
transformed into lactic acid by the same series of reactions as that postulated by 
Embden for muscle. Jost demonstrated the anaerobic formation of lactic acid in 
kidney brei from glyceraldehydephosphoric acid, from glyceraldehyde, from a 
mixture of glycerophosphoric acid and pyruvic acid and from a mixture of 
glycerophosphoric acid and phosphoglyceric acid. Under the conditions of his 
experiments pyruvic acid, when added alone to kidney brei, was reduced to lactic 
acid but the amount of the latter was much less than that formed from a mixture 
of pyruvic acid and glycerophosphoric acid. He was unable to decide whether the 
kidney possesses an alternative mechanism by which lactic acid may lie formed 
from carbohydrate without the formation of intermediary phosphorylated com¬ 
pounds. 

The present investigation was designed to tlirow some further light on the 
mechanism or mechanisms controlling lactic acid formation from carbohydrate by 
surviving kidney cortex. The paper deals with (a) the effects of fluoride, cyanide 
and iodoacetic acid on both lactic and phosphoric acid production in the excised 
kidney; (6) the glycogen content of the kidney; (c) the effect of arsenate on carbo¬ 
hydrate breakdown to lactic acid by kidney tissue; (d) pyruvic acid as an inter¬ 
mediary in kidney glycolysis. 

Methods, 

Normal male rabbits, averaging 2*35 kg., were used. Unless otherwise stated, 
the animals were killed by a sharp blow on the back of the neck, the kidneys were 
excised as quickly as possible, and the cortex was rapidly clipped off. Approxi¬ 
mately equal portions (2-3 g.) of the tissue were dropped into the following 
weighed vessels. The time elapsing between the death of the animal and the 
“initial value” averaged 1-1-5 min. The experimental vessels were set up as 
follows; 

I. ‘ Initial value/’ 50ml. weighing bottle containing 5ml. cold 25% trichloro¬ 
acetic acid. The lactic acid found in this mixture was termed the “initial value 

( 1996 ) 
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II. 50 ml. weighing bottle containing 5 ml. suspension medium. 

III. 50 ml. weighing bottle containing 5 ml. isotonic saline. 

The vessels were re-weighed and the weights of tissue calculated. Vessels II 
and HI were then incubated at 37*5° for 2 hours without antiseptic. 

Immediately after samples Nos. II and III had been placed in the water- 
bath, the contents of No. 1 were finely ground with sand. The thin brei was 
transferred quantitatively to a 25 ml. cylinder, made* up to known volume 
(15 or 20 ml.) with 6% trichloroacetic acid and filtered through a Whatman 
No. 30 filter-pa]>er into a small flask which was stoppered tightly and placed in 
the refrigerator. 

At the end of the incubation period samples II and III were removed from 
the water-bath and 2 ml. of 25 % trichloroacetic acid added to each. The contents 
of each tube were then treated as described for sample I. The three filtrates thus 
obtained were? analysed for lactic and phosphoric acids. 

The lactic acid was extracted with ether as follows. To 5 ml. of the protein- 
free filtrate in a 50 ml. glass-stoppered cylinder were added 2*5 g. of ammonium 
sulphate, 2 ml. of 85% phosphoric acid and five volumes of purified ether; the 
contents of the cylinder were shaken vigorously for 5 min. The ethereal layer was 
drawn off with a 15 ml. rubber-bulb pipette and filtered through a Whatman 
No. 50 paper into a 500 ml. flask. The above process was repeated five times; 
the stopper, pipette, filter-paper and funnel were washed with small portions of 
ether which were added to the main extract. Two ml. of 10 % sodium hydroxide 
solution were then added and the ether w r as distilled. After removal of the last 
traces of other from the flask by aeration, the residue w r as dissolved in water and 
the solution made up to volume in a 50 ml. flask. 

J^aetic acid estimations were* then carried out in duplicate on 15 ml. of this 
solution according to the method of Friedcmann et al. [1927]. The concentration 
of sulphuric acid was reduced and that of manganese sulphate increased in 
accordance with the suggestion of Friedcmann & Kendall [1929]. 

The colorimetric method of Briggs [1922] was used to determine inorganic 
phosphorus in the trichloroacetic acid filtrates. Total acid-soluble phosphorus in 
these filtrates was estimated bv the method of Kay & Byrom [1927] and the 
precautions emphasized by Kay [1931] were carefully observed. 

Experimental. 

It was decided in the beginning to investigate the effect of sodium fluoride on 
lactic acid production and on phosphate liberation in the excised kidney, since 
at that time (1932) it was agreed by most workers in the carbohydrate field that, 
for skeletal muscle at least, the inhibition of lactic acid formation by sodium 
fluoride was due to the stabilization of hexosephosphate. 

It was found that lactic acid production was completely inhibited by M t 5 
fluoride but there was no marked inhibition of phosphate liberation. Moreover 
Kay (private communication) has shown that the rate of breakdown of the 
naturally occurring phosphoric ester in the kidney is entirely independent 
of that of the production of lactic acid. These observations support the view 
that the precursor of lactic acid in the kidney is a non-phosphorylated com¬ 
pound. In this connexion it is of interest that Ashford & Holmes [1929] and 
Ashford [1933; 1934] have shown that while phosphates may play a part in 
the formation of lactic acid from glycogen, the major portion of the lactic acid 
production of surviving brain tissue is independent of the intervention of 
phosphate. 



1998 


M. J. LAWSON 


Experiments were next performed to determine the effect of cyanide on the 
two processes and it was found that M /100 cyanide at pH 7*0 has no appreciable 
effect on phosphate liberation and lactic acid production. 

The effect of sodium iodoa<*itate at pH 7*0 on the liberation of inorganic 
phosphate and on lactic acid formation in the kidney was next studied. Lohmann 
[1932], Jowett & Quastel [1933] and Dickens [1933] have shown that in skeletal 
muscle iodoacetate inhibits glyoxalase activity by interacting with gluta¬ 
thione which functions as the coenzyme of glyoxylase. Since this enzyme is 
known to be present in both skeletal muscle and kidney and since both of these 
tissues possess the ability, under certain experimental conditions, to convert 
hexosephosphate into methylglyoxal, it was reasonable to suspect that lactic 
acid formation normally proceeds by way of methylglyoxal and that iodoacetate 
blocks glycolysis at the methylglyoxal stage. However the well-known experi¬ 
ments of Lohmann who demonstrated the formation of lactic acid from glycogen 
by muscle extracts devoid of glutathione revealed the possibility of another 
series of chemical changes, representing at least an alternative route, leading to 
the formation of lactic acid in muscle. The changes embodied in the scheme of 
Embden et al. [1933] represent such a route. It has been shown [Meyerhof, 193.5] 
that iodoacetate inhibits the oxidation of triosephosphate to phosphoglyceric 
acid by yeast preparations; furthermore Embden & Deutieke [1934] observed 
that muscle poisoned by bromoacetate is no longer able to convert hexose- 
diphosphate into a difficultly hydrolysable ester or to transform pyruvic acid 
into lactic acid even in the presence of glycerophosphate as hydrogen donor. 
They concluded that the halogenacetic acids may inhibit glycolysis by preventing 
these oxidation-reduction transformations. 

The results of several experiments are set out in Table 1. It will be seen that 
iodoacetate (pH 7*0) stops all lactic acid formation in the excised kidney. This 
drug has, however, no significant inhibitory effect upon the liberation of phos¬ 
phate. These observations are in conformity with the view that the main path 
of carbohydrate degradation to lactic acid by kidney tissue is one which does not 
involve the participation of inorganic phosphate. It is of interest to note that in 
every case except Exp. A of Table I the lactic acid content of the tissue de¬ 
creased during incubation in the presence of iodoacetate. These results art* in 
accord with those of Haldi [1932] who noted a disappearance of lactic acid in 
kidney tissue incubated in the presence of iodoacetate, but not in brain tissue 
under comparable conditions. A loss of lactic acid in excised muscle was 

Table I. Effect of iodoacetate on phosphate liberation and lactic acid 
production by kidney cortex incubated at 37-5°. 


All values are expressed as mg, per 100 g. of freshly chopped tissue. 



Time 
of in¬ 
cuba¬ 
tion 
hours 


Free P 



Total acid 

_A_ 



Lactic acid 

_A_ ... _ 



f ■ 

A 

B 

0 

~rT 

A~ 

B 

C 



B 

0 


Tissue plus 25% 
trichloroacetic acid 
“Initial value’’ 

0 

28 

43 

29 

33 

112 

119 

96 

114 

78 

101 

72 

89 

Tissue plus sodium 
iodoacetate* 

(pH 7-0) 

2 

81 

104 

64 

91 

123 

130 

101 

133 

82 

67 

51 

52 

Tissue plus isotonic 
saline 

2 

80 

104 

71 

86 

125 

132 

124 

134 

127 

. — 

125 

152 


* Concentration of iodoacetate in Exps. A and B, 0*01 M; and in C and D, 0*02 M. 
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observed by Lundsgaard [1930] and by Meyerhof & Himwich [1924] who attri¬ 
buted the loss to oxidation. The observed loss of lactic acid in kidney cortex 
might be likewise explained. 

in search for the source of lactic acid, the first which suggested itself was 
glycogen. A review of the literature relating to the glycogen content of this 
organ has been made by Irving [1928]. Irving determined the glycogen content 
of rabbit kidney cortex but views his own results with suspicion, inasmuch as he 
believes,that they are affected to a large extent by non-sugar substances. It 
waB necessary, therefore, to reinvestigate the* problem. 

Estimation of glycogen . 

The estimations of the glycogen content of the kidney cortex were made 
on material obtained from normal male* rabbits anaesthetized with arnytal. 
45 mg. of arnytal per kg. of body weight were dissolved in 3 ml. of water and 
injected intravenously. When anaesthesia was complete, one kidney was exjjoscd 
without undue handling and carefully removed. Approximately 3 g. of cortex 
were rapidly olipj>ed off into a weighed 15 ml. pyrex centrifuge-tube equipped 
with a rubber stopper and a straight glass condenser and containing 2 ml. of 
hot 90% potassium hydroxide. The time taken for this operation averaged 
18 sec. After the tissue had been thoroughly mixed with the alkali the tube was 
returned to the boiling water-bath. The second kidney was treated similarly. 

After 30 min. in the water-batli the tubes were cooled, re-weighed and re¬ 
turned to the bath for a total of 3 hours, after which they were removed and 
allowed to cool slightly but not to form a gel. Absolute alcohol was added until 
the final concentration was 99 %. The vessels were stoppered, shaken gently and 
allowed to stand overnight in the refrigerator. The material was centrifuged at 
2500 r.p.m. for 15 min. and the* supernatant fluid was carefully removed from the 
precipitate with a fine capillary pipette attached to a pump. The precipitate was 
washed by triturating with 99% ethyl alcohol saturated with sodium chloride, 
and, after centrifuging, the supernatant solution was removed. This process was 
refloated until the supernatant fluid was clear, 3 to 4 washings In-ing sufficient. 

The glycogen was hydrolyzed in the same tube with 12 nil. of 2-2 % hydro¬ 
chloric acid for 3 hours at 100 and, after cooling, the solution was neutralized 
with 40% sodium hydroxide. It was rendered just acid with hydrochloric acid, 
filtered into a 25 ml. volumetric flask and, after rinsing the centrifuge tube and 
filter-paper with water, made up to volume. Dr G. A. Grant kindly estimated the 
fermentable sugar in the hydrolysate, employing the procedure of Harding & 
Grant [1933]. This eliminated all errors due to non-carbohydrate reducing sub¬ 
stances which appear to be relatively high in kidney tissue. 

Six determinations of the glycogen content of the kidney cortex of different 
animals yielded results equivalent to 9,10,11, II, 29, 28 mg. glycogen per 100 g. 
fresh tissue. The right and left kidneys of the same animal contained equal 
amounts of glycogen. 

Table II shows the glycogen, free phosphorus, total acid-solublc phosphorus 
and lactic acid contents of kidney cortex before and after incubation for 2 hours 
at 37-5°. It is clear that the low glycogen content of the cortical tissue is in¬ 
sufficient to account for more than a very small portion of the lactic acid formed 
in 2 hours at 37*5°. 

The formation of lactic acid from several carbohydrates and the effect of 
arsenate on the process were investigated, with the hope that further information 
might be obtained regarding the precursor of lactic acid. Ashford [1933] showed 
that the rate of glucose breakdown by brain tissue was entirely unaffected by the 
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Table II. Glycogen, free phosphorus , total acid-soluble phosphorus and lactic 
acid contents of kidney cortex before and after incubation for 2 hours at 37*5°. 


All values are given in mg. per 100 g. freshly chopped tissue. 



Total acid- 
Frec P soluble P 

Lactic 

acid 

Glycogen 

Tissue plus 25% trichloroacetic acid 
“Initial value” 

29 87 

40 

— 

Tissue plus isotonic saline 

65 98 

127 

— 

Tissue plus absolute alcohol “ Initial glycogen 
value” 

— — 

— 

90 

Tissue plus isotonic saline “Final glycogen 
value” 

— - 

— 

0-24 


presence of arsenate. On the other hand it has been known for many years that 
arsenate accelerates the rate of breakdown of hexosediphosphate by j'east 
preparations; moreover, recent investigations of Pctt & Wynne [1934] have 
supported the suggestion that the stimulating effect of arsenate ions on the 
liberation of inorganic phosphate from hexosephosphate is exerted, not directly 
on the phosphatase system, but rather on the glycolytic system. The weighing 
bottles were set up as follows : 

I. Tissue plus 5 ml. of the carbohydrate solution. 

II. Tissue plus 5 ml. of the carbohydrate solution plus arsenate. 

III. Tissue plus 5 ml. of isotonic saline. 

Fresh solutions of Pfanstiehl monosaccharides were prepared on the 
morning of each experiment. From the barium salt of synthetic glucose-6- 
monophosphoric acid, kindly presented by Dr P. A. Levene, a solution of the 
sodium salt was prepared by treatment, at 80" , with the calculated amount of 
sodium sulphate. The mixture was placed in the refrigerator overnight and the 
next morning, just before using, was centrifuged for 35 min. The supernatant 
solution was carefully poured off and tested for freedom from barium ions. 
Barium hexosediphosphate, prepared from yeast, was ground in a mortar with 
the calculated amount of sulphuric acid in dilute solution; the mixture was 
centrifuged and the solution of the sodium salt was poured off and tested for 
freedom from barium ions. Before using, it was adjusted to pH 7*0 with solid 
disodium hydrogen phosphate. 

The colorimetric method devised by Pett [1933] was employed for the esti¬ 
mation of inorganic phosphate and total acid-soluble phosphate in the presence of 
arsenate ions. 

The results in Table III show that glycolysis in kidney tissue is very marked 
and is practically unaffected by the presence of Mjb 00 arsenate. Fructose is 
much more slowly converted into lactic acid than is gluoose. Kidney tissue is 
apparently unable to convert mamiose and galactose into lactic acid, either in 

Table III. Percentage conversion of carbohydrates (0-1°j 0 ) into lactic acid by kidney 

cortex in 3 hours at 37-5° in the presence and absence of 0-002 M arsenate. 


Glucose Fruct- Mann- Galaet- Gly- 



+ 

Fruct¬ 

080 4- 

Mann¬ 

ose-f 

Galact¬ 

OS© 4* 

Gly¬ 

—«/ 

cogen + 

ucose 

arsenate 

ose 

arsenate 

ose 

arsenate 

ose 

arsenate 

cogen 

arsenate 

58 

64 

14 

15 

0 

0 

0 

0 

61 

37 

49 

63 

27 

27 

4 

0 

0 

13*6 

43 

41 

52 

49 

18 

16 

2 

1 

0 

0 

20 

21 

63 

62 

— 

— 

— 

— 

— 

— 

27 

31 

44 

50 

—— 

— 

— 

— 

— 

— 



61 

60 

— 

— 

— 

— 

— 



— 
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the absence or the presence of arsenate. Glycogen gives rise to lactic acid but the 
amount formed is smaller than that produced from glucose. 

Other compounds tested were hexosediphosphate and glucose-6-raono- 
phosphate. The results with hexosediphosphate were somewhat variable but 
they suggest (Exps. 3 and 4, Table TV) that added hexosediphosphate can, at 
least partially, be transformed into lactic acid. Glucose-6-monophosphate gave 
variable results (Table V). The irregularity of the results with the hexosephos- 
phates is difficult to explain; in no case was the amount of extra lactic acid formed 
as great as in the glucose experiments. 

Table IV. Percentage conversion of hexosediphosphate into lactic acid by 
kidney cortex in 3 hoars at 37’o’. 

Hoxoseiliphosphiitr added in each case was equivalent to 5 mg. lactic acid. 

Experiment. 1 2 3 4 5 

% conversion 0 4 13 17 0 

Table V. Phosphate HU ration and lactic acid production from, glucose-6- 
monophosphate in the presence and absence of 0 002 AT arsenate . 

Phosphorus \allies are gi\on in mg. per 100g. freshly chopped tissue. 

% conversion of added 

Time Free P Total arid soluble P ester to lactic add 

hours a b r i) h a ii r r> e' abode f 

Tissue plus isotonic saline 2 09 <15 73 8. s 83 93 113 113 131 123 — — — — — — 

Tissue plus 5 ml. hexosenunue 2 84 80 89 104 93 125 122 114 164 140 0 7 45 5 4 41 

phosphate - 5 mg. lactic acid 

Tissue plus 5 ml. hexosemono- 2 - -- 10b 89 — — — 155 159 - — — 10 9 — 

phosphate - 5 mg. lactic acid 
plus arsenate Total concen¬ 
tration of arsenate, Mf 500 

It is of interest to note that even when the tissue was incubated for 4 and 
5 hours with hexosemonophosphate, no lactic acid in excess of the relatively 
small amounts produced during 2-hour incubation periods was observed. 

The results, while variable, tend to substantiate the view that the greater 
portion of lactic acid produced by the cortical tissue of the kidney arises from 
glucose by some pathway independent of phosphate. It is not unlikely, however, 
that the small amount of glycogen in tin* kidney is broken dowm to lactic acid 
via hexosediphosphate. 

On incubating cortical tissue with glucose and hexosediphosphate it was 
found that the latter did not appreciably increase the rate of lactic acid formation 
from glucose. Meyerhof [1918] showed that the induction period frequently 
observed on incubating maceration extract of yeast with sugar could be abolished 
by adding a small amount of hexosediphosphate. However, no such catalytic 
effect of this substance on the formation of lactic acid in either muscle or kidney 
has been observed. 

The formation of lactic acid from pyruvic acid . 

Sodium pyruvate solution (pH 7*0) in a concentration of 0*1 M and in the 
presence of rabbit kidney cortex was observed to give rise to appreciable amounts 
of lactic acid in excess of that formed in control experiments. As in the other 
experiments, no special precautions w r ere taken to ensure anaerobic conditions. 

The results supplement those of Jost [1934] whose experiments were conducted 
anaerobically. 

Bioohem. 1930 XXX 
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Discussion. 

The work of Jost [1934] suggests that under anaerobic conditions ox kidney 
brei converts carbohydrates into lactic acid by the same series of reactions as 
those postulated by Embden for skeletal muscle. Definite evidence of an alter¬ 
native path was not obtained by Jost. The present experiments indicate that in 
rabbit kidney there may be an alternative system of glycolysis in which, at any 
rate under aerobic conditions, phosphate is not primarily involved. In support of 
this view are the following observations. (1) Lactic acid production and libera¬ 
tion of inorganic phosphate appear to be independent phenomena. (2) Hexose- 
diphosphate and glucose-6-monophosphate fail to yield uniformly positive 
results with kidney whereas they are converted by muscle into lactic acid. 
(3) Arsenate does not appreciably accelerate the rate of lactic acid formation 
from carbohydrates by rabbit kidney. In view of the fact that Meyerhof [1927] 
and Meyerhof & Lohmann [1927] have shown that arsenate increases the rate of 
lactic acid formation, by fresh extracts of rabbit muscle, from glucose in the 
presence of hexokinase, from hexosediphosphate, from the Robison ester and 
from polysaccharides, the present results suggest that glycolysis in muscle and 
in kidney may normally proceed by different routes. 

Summary. 

1. Sodium fluoride, in the concentration used, completely inhibits lactic acid 
formation in the excised kidney. No appreciable inhibitory effect is noted on 
phosphate liberation. The inference is that the two mechanisms are entirely 
independent. 

2. The mechanisms controlling the liberation of phosphoric acid and the 
production of lactic acid are not significantly affected by Jf/lOO cyanide. 

3. Sodium iodoacetate inhibits lactic acid formation in kidney cortex. 
This drug has, however, no appreciable effect upon the liberation of inorganic 
phosphate. A loss of lactic acid is observed in the cortical tissue after incubation 
for 3 hours at 37*5° in the presence of iodoacetate. 

4. The total glycogen content of the cortical tissue is not sufficient to account 
for the lactic add formed when such tissue is incubated for 2 hours at 37-5°. 

5. Kidney cortex produces large amounts of lactic acid from glucose, smaller 
amounts being formed from glycogen and even smaller quantities from fructose. 
Galactose and mannose give negative results. The results with hexose-raono- 
and diphosphates are variable. 

6. Arsenate ions do not accelerate glycolysis in the cortical tissue of the 
kidney. 

7. Pyruvic add is readily reduced to lactic acid by kidney cortex and may, 
therefore, function as an intermediary in glycolysis. 

The author wishes to express her gratitude to Profs. H. Wasteneys and A. M. 
Wynne of this department and to Dr E. T. Waters of the Department of 
Physiology for their continual interest and advice in this work. 

Many thanks are due to the Banting Research Foundation for a personal 
grant and for one which in part defrayed the cost of the experiments. 
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Coward & Key [1934] have reported the successful use of a modified technique 
in the now well-known “line” test for the assay of vitamin D. In this test 
animals of suitable age and pre-experimental history are given a rachitogenic 
diet for about 3 weeks. They are then divided into groups, the sexes and 
litter-mates being distributed as uniformly as is necessary to give trustworthy 
results, and the animals in each group receive a measured dose of the substance 
under test or of a standardized preparation of the vitamin. Coward & Key, and 
other workers, had previously divided these doses into equal portions, one for 
each day of the test period, which is usually 10 days. In the paper cited, the 
authors report that, in a direct comparison between litter-mates, they obtained 
identical results, of equal accuracy, whether they gave to the animals a certain 
amount of the vitamin either as a tenth of the total dose daily throughout the 
10 days’ test period or as one dose at the beginning of that period. 

Obviously such a modification of technique presents advantages, mainly in 
economy of time, and it seemed to us necessary to discover whether it could be 
adopted in the somewhat different circumstances of our own laboratory. For 
reasons published elsewhere [Bacharach, 1936] we find it necessary to use a 
much more severely rachitogenic diet than the 2965 of Steenbock & Black [1925], 
which was used by Coward & Key. Another, but a minor, difference is that we 
examine the femora instead of the ulnae and radii. 

In the first instance two litters of animals were used, and approximately half 
the animals in each litter were dosed with a solution of previously assayed irradi¬ 
ated ergosterol diluted so that 1 drop contained 0-5 International Unit (i.u.) of 
vitamin D. Each of these animals was given 1 drop daily for 10 days. The other 
half of the animals each received on the first day of the test a single drop of a 
solution containing the same irradiated ergosterol at ten times the concentration 
of the first solution. The degrees of healing found in the stained bones are shown 


m Table I. 

Table I. 

Average 

Do8C 

Individual healing 

healing 

Single 


0-4 

Divided 

1 . 1 , 1 , 1 , 1 , 1 , 1 } 

M 

Negative control 

0, 0 

0 


It was thought possible that the single dose method might, through incom¬ 
plete consumption of a single drop by the animals, have involved a purely 
mechanical error of unduly high effect. A further test was therefore made, 
using a dilution of the International Standard Preparation (VD 10) such that 
1 drop contained approximately 0-25 i.u. of vitamin D. This was fed at two 
r levels, both by the single and the divided dose methods; the single dose was given 
10 or 20 drops on the first day of test, the divided dose as 1 drop or 2 drops on 
each day (Table II). 
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Dose 

Table II. 

Individual healing 

Average 

healing 

0*25 unit Single 

0, 0, 0, 0, 0 

0 

Divided 

0, 0, 2. 1 

0-75 

0-3 unit Single 

0, 0. 0, ®, i, 1 

0-25 

Divided 

o. ®, 4, i, i 

0-0 

Negative control 

0, 0 

0 


® indicates only one or two spots of calcified tissue. 

Here one litter was used for the 0-25 unit and the other for the 0-5 unit dose, 
so that the degrees of healing on the two doses were not necessarily comparable. 
Again, however, we seemed to have evidence that the divided dose method gives 
greater healing. 

The final exjieriment involved the use of 8 litters, including 64 animals. An 
intermediate course was adopted between those taken in the preliminary experi¬ 
ments, as it was considered undesirable to administer as much as 20, or even 10, 
drops (each 22*5 mg.) of oil solution on one day to an animal. 

Accordingly one* test solution contained 0*005y of calciferol per drop; 3 drops 
were given daily, so that the daily dose was 0*6 and the total experimental 
dose 6 units. This solution also contained sufficient /J-carotene 1 to give every 
3 drops a vitamin A equivalence of 5 i.u. 

The second solution contained (M)375y of calciferol per drop, of which 4 were 
given on the first day of the test period. Thus the total dose was also (M5y of 
calciferol, or 6 i.r. Carotene 1 equivalent to 50 i.u. was administered separately 
during the first 2 days of the test period (Table III). 


Table III. 


Number of Range of 

Dose animals healing 

Single 28 ® to 2 

Divided 27 1 to 2 

Negative control 9 0 to £ 


Average 

healing 

0-91 

1-41 

Oil 


An examination was also made of the differences between males and females 


(Table IV). 


Table IV. Average healings. 
Males Females 


Average of 
males and 
females 


Single dose 1*07(15) 0-75(13) 0-90 

Divided 1-47 (17) 1*30(10) 1*39 

Numbers in brackets represent number of animals. 


The averages shown in Tables III and IV arc all calculated from the appro¬ 
priate bone-scores, irrespective of the number of animals in any given litter that 
may be receiving a particular dose. Table A 7 has been drawn up by calculating the 
means of the litter means for each dose, taking the sexes separately or together. 


Single 

Divided dose 



Table V. 





Average of healing by litters 

Average of 

* 


Males and 

both sexes 

Males 

Females 

females 

0-93 

1*20 

0-70 

0-98 

1-41 

1-41 

1-33 

1-37 


1 The feeding of carotene in this experiment had no bearing on the problem under examination 
and was practised for reasons not germane to it. 
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Discussion. 

It seems clear that, even under the best conditions, the technique recom¬ 
mended by Coward & Key cannot be applied to animals of our particular stock 
and upbringing. Whether some limitation to the maximum possible daily absorp¬ 
tion or utilization of vitamin D, or to both, is imposed by the intensely rachito- 
genic nature of our diet 401, or whether some unsuspected difference operates, 
we are unable to decide. 

There are indications that males respond somewhat better to cure by a given 
dose, that is, are less rachitic than females. This is contrary to the view of 
Morgan [1932] but it is not inconsistent with the slight superiority in bone-ash 
content of females over that of males of approximately the same age [Bacharach, 
1936]; the males have less distance to go to achieve normal calcification. Slight 
differences in result can be obtained by various methods of calculating the 
average degrees of healing, but these differences seem to become unimportant 
when as many as eight different litters are used and over 25 animals receive any 
one dose, even though the sex distribution be not perfectly symmetrical. Pro¬ 
vided that a grand average is finally taken, the results are little affected. In the 
present instance the single and the divided dose healings showed figures of 

0*91 to 1-41, 

0-90 to 1-39, 

0-93 to 1-41, 

0-98 to 1-37, 

according to the method of averaging. 

We have no evidence to show whether, with our animals and under our 
experimental conditions, the two methods of administering vitamin D supple¬ 
ments, if used independently, would give the same accuracy of result. But it 
seems clear to us that, with those animals under those conditions, it is not 
justifiable to compare one source of vitamin D with another unless both are 
administered in distributed doses. It is possible that it might be satisfactory to 
give both sources by the single dose method, but of this we have no direct proof. 

Summary. 

The single dose method of feeding vitamin D supplements in the line test, as 
advocated by Coward & Key, was found not to be applicable to a different stock 
of rats receiving a more severely rachitogenic diet and gave significantly leas good 
healing than the divided dose method. 

Males appear to be slightly less rachitic than females under similar conditions 
of slowly healing rickets. 

We take this opportunity of acknowledging the kindness of Dr K. H. Coward, 
who read the manuscript of this paper before it was submitted for publication 
and made certain suggestions for modification, all of which have been adopted. 
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In isolating the metabolic products of anthracene from rat urine considerable 
difficulty was encountered in separating the glycuronic acid in a pure con¬ 
dition. Large volumes of acidified urine from rats fed as previously described 
[Boyland & Levi, 1935] were extracted with ether for 72 hours. The glycuronic 
acid was extracted by the ether but on account of its low solubility in ether 
crystallized out in the extract. The ether appeared to contain other acids but 
very little glycuronic acid. The ethereal extracts were concentrated to a semi- 
crystalline syrup which was drained on a porous plate. The major part of the 
solid was found to be crystallizable from hot toluene and proved to be methyl¬ 
malonic acid. Between 200 and 500 mg. of the acid were obtained from each litre 
of urine. The acid crystallized in plates, m.p. 120-128°. It was soluble in water, 
alcohol and acetone, and the solutions were optically inactive. It did not react 
with HN0 3 , Br 2 or KMn0 4 . Heated in a dry tub* it gave an oily acid distillate. 
It crystallized from water in the form of a hydrate containing 13-24% H 2 0. 
0 4 H b 0 4 , H 2 0 requires 13*22 % H 2 0. (Analysis of anhydrous material from toluene 
(Weiler). Found: C, 40*9; H, 500%. requires C, 40*8: H, 5-08%. 

Neutralization equivalent, 61. Theoretical for dibasic acid, 59.) 

0*5 g. of the acid was heated in a tube and the distillate collected in an 
aqueous suspension of Ag 2 0. The silver oxide suspension was washed and excess 
Ag 2 0 removed by filtration at 100°. The filtrate on cooling gave crystals of a 
silver salt which were collected and dried. A weighed amount of this was ignited 
and gave 59-2 % Ag. The theoretical value for silver propionate is 59*3 % Ag. 

The acid isolated has all the properties of methylmalonic acid, the m.p. of 
which is stated in the literature to be between 120° and 130° according to different 
authors. The formation of a monohydrate by this acid does not appear to have 
been previously described. 

More rats were fed on exactly the same diet as previously described except 
that no anthracene was present. The urine was collected, acidified, filtered and 
extracted with ether for 24 hours. The ethereal extract from 4 litres urine was 
boiled with charcoal, filtered and evaporated to 20 mi. The crystals which 
separated on keeping the residue in a desiccator were filtered off and dried; 
yield 0*4 g. Part of the crude material was crystallized from hot toluene and then 
melted at 124-126° and gave propionic acid on heating to 150°. 

It was found impossible to isolate methylmalonic acid from rabbit urine or 
from human urine. In one experiment the combined ethereal extract of 34 litres 
of male human urine was treated in a manner similar to that described above. 

The precursor of the methylmalonic acid is as yet unknown, but it could 
conceivably arise from thymine, the side chain of cholesterol, carotenoids or the 
methylpyrrole of haemoglobin and other pigments. Of these, however, the 
simplest precursor is thymine which on oxidation and hydrolysis would give urea 
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and methylmalonic acid. In the breakdown of thymonncleic acid, if all the 
purines were converted into uric acid and all the thymine into methylmalonic 
aoid, there should be one molecule of the latter to two molecules of uric acid. 

Szent Gyorgyi has shown that sodium malonate causes inhibition of respira¬ 
tion and of acetoacetate breakdown in liver slices, but we have found that 
sodium methylmalonate does not have this effect. 

Summary. 

Methylmalonic acid has been isolated from rat urine where it may occur to 
the extent of 0-5 %. 

One of us (A. A. L.) has pleasure in thanking the Sir Halley Stewart- Trust 
for a fellowship held during the progress of this work. 
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Most vitamin A tests in this country are made by the “increase in weight” 
method; i.e. young rats which have become steady in weight on a diet deficient 
in vitamin A are given doses of the test substance or standard for a specified 
period. The resultant increases in weight are used to determine the potency of the 
test substance in terms of the standard of reference. 

Some discussion has arisen in the last few years as to the best point of each 
animal's weight curve to consider as the beginning of the “increase in weight”. 
Coward and co-workers have always used the point of the curve at which the 
animal was considered steady in weight and given the first dose of vitamin A. 
The test period, i.e. the period during which doses of vitamin A were given, was 
then alw ays of the same length (5 weeks in early work, reduced later to 3 weeks). 
Baumann et al. 11934] obtained good results by counting the point at which the 
rat's weight passed the highest point reached in the preparatory period as the 
beginning of the test period and ignoring the part of the rat's curve where it was 
regaining this weight. Eddy [ 1930), however, decided that the method of cal¬ 
culating the 28 days’ gain had little influence on the accuracy of the test. Various 
other workers have suggested (verbal communications) that this method of 
counting the period of the test might give more accurate results than counting 
it from the first day of dosing. In this method the time during which doses were 
given to some of the rats would have to be prolonged beyond the set period of the 
test. Some rats might never (within the limits of the patience of the w r orker) 
reach the needed starting-point for the test and they would have to be discarded. 

It seems possible to test this suggestion for increasing the accuracy of a deter¬ 
mination by the following consideration. The recovery, if any, to the suggested 
starting-point would generally take place within the first 2 weeks of dosing. 
Therefore, the accuracy obtainable in the last 3 weeks (say) of a o weeks’ 
test, should be greater than that obtainable in the first 3 weeks of the test 
which included all the responses of the type described. A calculation has been 
made of the accuracy of the test obtainable during each of the 5 weeks of dosing. 
This was based on the calculation of A=cr/the slope of the line relating increase in 
weight to log 10 of dose given. Coward [19331 showed that the relation between 
the mean variance of the increase in w r eight of rats and the duration of the test 
period was a straight line for the whole of the 5 weeks for male rats, and also for 
the first 3 weeks for female rats, though the curve for these flattened a little in 
the fourth and fifth weeks. Thus the variance increased by an equal amount 
during each week of the test period. Therefore the variance in the increase in 
weight during the first, second, third, fourth and fifth weeks was the same for 
the male rats, and for the female rats slightly less in the fourth and fifth weeks 
than in the first 3 weeks. Hence the standard deviation of the increase in 
weight during the first, second, third, fourth and fifth weeks was the same for the 
male rats, and for the female rats slightly less in the fourth and fifth weeks. 
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The curves for the first week have already been published [Coward, 1933]. It 
remained then to determine the curves of response to doses of vitamin A during 
the second, third, fourth and fifth weeks, both for the male and female rats. This 
was (lone by the use of the formula 

, , n, tan a - tan B 

r , taU — = F+tan~atan^’ 

where, for example, 


tan a was the slope (b ± ) of the curve of response for a 2 weeks’ test; 
tan j8 was the slope (6 2 ) of the curve of response for a 1 week’s test; 
tan (a—/?) was the slope (b) of the curve of response for the increase in 
weight during the second week. 

The values of b (the slopes of the curves) in the equation had to be divided by 
100 to reduce the unitage of y to that of the abscissae. The slopes of the curves 
of response to doses in the first week, and in the second, third, fourth and fifth 
weeks found by this method may be seen in Table I. 


Table 1. The slopes of the curves of response relating increase in weight during the 
first , second , third, fourth and fifth weeks respectively to the, log of the dose of 

vitamin A given. Male rate Female rate 


1st week 9-05 C M 

2nd week 10-05 6-65 

3rd week 9-78 4-37 

4th week 7-59 4-37 

5th week (i-59 4-26 


It is evident that with the exception of the first week’s response of the male 
rats and perhaps the third week’s response of the female rats, the two sets of 
curves fall into two nicely graded series. The inaccuracy of the test may bo 
measured by a 

~ slope of curve of response ’ 

and since cr is constant, then the greater the slope of the curve of response, the less 
is the inaccuracy of the test. The smaller value of a in the fourth and fifth week’s 
variance of the response of the does lowers the values for A very little. Therefore 
the conclusion must be drawn that each successive week’s dosing gives a slightly 
less accurate result than that of the week preceding it. It would, therefore, seem 
to be preferable to treat the responses to doses of vitamin A in the simplest way, 
i.e. to count the period of the test from the day on which the first dose is given. 
This prevents the prolongation of a test for the sake of a few rats, which is an 
economy of time and which also prevents the possibility of the results from these 
same rats being influenced by changes in conditions which would not affect the 
results from periods already completed. 

This calculation was based on figures obtained from 960 male rats and 
1110 female rats. 

Summary. 

Different workers have suggested that the recovery period in a vitamin A 
determination should be taken as starting on that day on which the rat receiving 
doses of vitamin A exceeds the highest weight it had attained during the 
preparatory period when it was not receiving any vitamin A. 

This suggestion has been tested on a colony of rats in which all the animals 
lost weight (some of them only a few g.) before they were given doses of 
vitamin A, and many of them continued to lose weight for a short time before 
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recovery began. With most animals the point suggested above as the starting- 
point for the calculation of increase in weight was attained within 1 or 2 weeks 
(if ever) from the day on which vitamin A was first given. Hence a calculation of 
the accuracy of the results obtained during successive weeks should indicate 
whether it is desirable or not to ignore the period previous to the point suggested 
as the starting-point for the calculation. 

The accuracy obtainable during each week of a 5 weeks* test period is deter¬ 
mined from A—cr/slope of curve of response. It has been shown that since a is the 
same for successive weeks and the slope of the curve of response for each week’s 
increase in weight becomes slightly less in successive weeks, the accuracy of the 
result of each week's dosing is slightly less than that of the preceding week. 
Hence the greatest accuracy is obtained by counting the test period from the first 
day of dosing. 
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It was shown by Coward [1933] that the accuracy obtainable in a vitamin A test 
by the “increase in weight” method was increased very little by prolonging the 
test period beyond three weeks. Since then, enough results of vitamin B, 
determinations by the method of the “increase in weight” of rats have been 
accumulated to make it possible to carry out a similar examination of the duration 
of a vitamin Bj test. 

The technique of the test has been described by Coward et al. [1933]. Briefly, 
it consists of measuring the increase in weight of rats which, having become 
steady in weight on a diet deficient in vitamin Bj, are then given doses of (a) the 
International Standard (i.s.) for vitamin Bj or (6) the substance under examina¬ 
tion. With the description of the test was published an estimate of the accuracy 
obtainable. It was much greater than that obtainable in a vitamin A tost of the 
same length of time. Thus a smaller number of animals would be required for a 
vitamin B x test for a given degree of accuracy than, would be required for a 
vitamin A test of similar accuracy. 

In the determination of the vitamin Bj content of a substance we have 
generally divided the rats into 4 or 5 groups, two of the groups being given doses 
of 0-01 and 0-02 g. respectively of the i.s. and two of the groups doses in the 
ratio of 1:2 of the substance under examination or, if no information on the 
possible potency of the substance was available, the doses chosen for a pre¬ 
liminary test were in the ratio of 1: 3 or 1 : 5. A group of rats given no dose was 
included when it was desired to show whether even a large dose of the test 
substance was or was not better than no dose at all. The different groups have 
generally contained equal numbers of bucks and does but it was shown in the 
paper by Coward et al. [1933] that the curve of response of bucks was very little 
steeper than that of does; hence it was not really necessary to have equal num¬ 
bers of each in each group. By this means we have obtained a large amount of 
information not only on the variation in response to doses of vitamin Bj but 
also on the variation in the slopes of the curve of response. It has confirmed our 
previous estimate of the high degree of accuracy attainable and it has shown 
that the accuracy obtainable by carrying on the test for three weeks is only very 
slightly greater than that obtainable by carrying it on for two weeks. 


The average variance (a 2 ) of the increase in weight in 1, 2 and 3 weeks. 

The average variance of the response of male and female rats to doses of 
vitamin Bj was calculated by the formula usually employed: 


<r* 


Id* 

n-X* 
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where Erf 2 is the sum of the squares of all the deviations from their respective 
means; N is the number of rats from which the calculation was made; M is the 
number of groups of rats in which the N rats were distributed. 

The results for male and female rats for 1, 2 and 3 weeks' tests are collected 
in Table I. 


Table 1. The average variance and standard deviation of male and female 
rats to doses of vitamin B 2 in 1 9 2 and 3 weeks' tests . 




Ed* 


\l 

a' 1 

a 

Male ratfl 

1 week's test. 

4132-0 

:m 

110 

2108 

4-31 


2 weeks 1 tost 

8512-5 

295 

105 

44-80 

0-69 


3 

12050*3 

282 

101 

00-58 

8-10 

Female rats 

1 week's test 

3000-5 

243 

90 

24*90 

4-99 


2 weeks' test 

5028-0 

229 

92 

41-08 

0-41 


3 I* 

7173-0 

213 

85 

55-18 

7-43 


The average variance of response in 1, 2 and 3 weeks when plotted against 
the time gives a nearly straight line relationship for both the male and female 
rats. The line for the male rats has a greater slope than that for the female rats, 
but the two lines intersect. That for the female rats does not pass through or 
near the origin. (Compare with the slopes of the lines relating average variance 
in response to doses of vitamin A with the duration of the test [Coward, 1933].) 

The standard error of the average result from 10 animals is the probable 
error is ° 1() and the probable error of the difference between the average 
responses of two groups of rats (e.g. one given a dose of the standard and one 

2 a 

given a dose of test substance) is 

The curves of response of male and female rats to doses of vitamin Bj in 

7, 2 and 3 weeks. 

The difference in the average responses to all the pairs of doses in the ratio 
1: 2 of all substances tested were calculated for the 1, 2 and 3 weeks' tests. (The 
response of any animal that died during the 3 weeks was used for the 1 or 2 weeks 
previous to death. No result from it was counted in the week of its death.) The 
weighted mean of these differences was determined. This was permissible since 
it had been shown by Coward et al. [1932] that the line relating increase in weight 
in 3 weeks to dose of vitamin given is logarithmic. This average value is the 
difference in increase in weight due to a doubling of the dose of vitamin given. 
Therefore, in the curve of response relating increase in weight to the logarithm 

Table II. The calculation of the slopes of the curves relating increase in weight in 
J, 2 and 3 weeks to the logarithm {to the base 10) of the dose of vitamin B t given . 


Male rate 

1 week'8 curve 

Average difference 
between increases 
in weight from 
doses in ratio 

1:2 

623 

Slope of curve 
of response 
(Diff./!og 2) 

20-70 


2 weeks 1 eurve 

11-09 

30-88 


3 

15-88 

52-76 

Female rats 

1 week's eurve 

5-28 

17-54 


2 weeks 1 curve 

11-94 

39-07 


3 

16-86 

50-01 
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of the dose of vitamin B x given, the interval for the average value of y 
corresponds to an interval of 0*30103 (log 10 2) for x. The slopes of the curves 
of response are then obtained by dividing the interval (average differences 
in the increase) by 0*30103 (Table II). 

There is not as great a difference between the slopes of the curves relating 
increase in weight of male and female rats to doses of vitamin B t as there is to 
doses of vitamin A or Vitamin D [Coward, 1933; Coward et ah , 1932]. 


The determination of the accuracy obtainable in 1, 2 and 3 weeks' tests. 

The accuracy obtainable by carrying on the test for 1, 2 or 3 weeks is deter¬ 
mined from the formula A=cr/slope of curve of response (Table III). The probable 
error of a determination in which 20 animals were used, ten of them being given a 
dose of the standard and the other ten a dose of test substance is determined 
from the formula 9 x 

i\ V3& »i-ife-v*. 

Table III. The. accuracy obtainable by carrying on the test for 1,2 or 3 weeks with 
10 pairs of animals , one of each pair having been given a dose of the standard and 
the other a dose of test substance. 

Range of 
probable 
Antilog error of 
range of determin- 




a 

Slope of 
curve 

A ~ 

a/slope 

3Vl0' v2 

dose 

ratio 

ation 

O' 

,o 

Male rats 

1 week’s test 

4-31 

20-70 

0-208 

0-0620 

1-9380 

1-153 

0-867 

f 15-3 
-13-3 


2 weeks’ test 

6-69 

36-88 

0-181 

0-0539 

1-9461 

1-132 

0-883 

+13-2 
- 11*7 


3 

8*16 

62-76 

0-155 

0-0462 

1-9538 

1-112 

0*899 

+11*2 
-101 

Female rats 

1 week’s test 

4-99 

17-54 

0-284 

0-0846 

1-9154 

1-215 

0-823 

+ 21-5 
-17-7 


2 weeks’ test 

641 

39-67 

0-162 

0-0483 

1-9517 

1-118 

0*895 

+ 11-8 
-10-5 


3 » 

743 

56-01 

0-133 

0-0396 

1-9604 

1-096 

0-913 

+ 9-6 
- 8-7 


Thus the probable error of a determination of vitamin B l in which ten rats 
are used for the standard and ten for the substance whose potency is being deter¬ 
mined is less in a 2 weeks’ test than in a 1 week’s test, and only slightly less in a 
3 weeks’ test than in a 2 weeks’ test. Indeed the increase in accuracy gained by 
carrying on a test for a third week cannot be considered worth the extra labour 
involved. With equal numbers of male and female rats on standard and test 
substance, the ratio of the accuracies of 1, 2 and 3 weeks’ tests is about 
18:12*5:10%. 

The number of animals on which this calculation was based was 549 for the 
1 week’s test, 524 for the 2 weeks’ test and 497 for the 3 weeks’ test, some of the 
rats on the low doses having died during the course of the experiments. 
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Summary, 

The average variance in response of rats to doses of vitamin B x has been 
determined for tests of 1, 2 and 3 weeks' duration. 

The slopes of curves of response relating increase in weight in 1, 2 and 3 weeks 
and dose of vitamin B x given have been constructed by averaging the differences 
in response obtained by giving two doses in the ratio 1 :2 of numerous sub¬ 
stances. This method is justified by its having been shown in a previous paper 
that the relation between increase in weight and dose of vitamin B x given is 
logarithmic. 

The accuracy obtainable in the test when carried on for 1, 2 and 3 weeks has 
been determined by the formula A = a/slope of the curve of response. The probable 
errors of determinations of the vitamin B x potency of a substance by comparison 
with the standard tested simultaneously, when 10 animals are used on each 
substance, and when the tests are carried on for 1, 2 and 3 weeks, are about 
18, 12*5 and 10% respectively. Thus the increased accuracy obtained by 
carrying on a test for longer than 2 weeks is seldom worth the extra labour 
involved. 
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Since Soret [1883] described an ultraviolet absorption band in three of the 
haemoglobin series, numerous investigations have been carried out on the ultra¬ 
violet absorption spectrum of the blood pigment and its immediate derivatives. 
The haemoglobin compounds were investigated by Gamgee [1895J who pointed 
out that there was a specific ultraviolet band common to oxyhaemoglobin, 
reduced haemoglobin, carbon monoxide haemoglobin, nitrous oxide haemo¬ 
globin, haemochromogens, haematin hydrochloride, methaemoglobin and 
haematoporphyrin which was absent from the spectra of bilirubin, hydro bilirubin 
and urobilin. Robert [ 1900] investigated several haemoglobin compounds and 
demonstrated the existence of a band in the ultraviolet which was common to the 
spectra of oxyhaemoglobin, carbon monoxide haemoglobin, alkaline methaemo- 
globin and cyanide haemoglobin and concluded that there was a structure 
common to these compounds which possessed this band. 

Subsequent investigations have fixed the position of the band as follows: 


Position of the 

Investigator ultraviolet band (A.) 


Rost et d. [19091 4100 

Lewin et d. [1907] 4150 

Newcomer [1919] 4140 

Sehumm [1921] 4135-4140 

»Suhrmann & Kollath [1927J 4150 

Hicks & Holden [1929] 4115 

Berg & Schwarzaeher [1930] 4134 

Davis & Sheard [1934] 4180 


Friedli [1926] investigated mesoporphyrin and haematoporphyrin and 
located a band common to both at 4000 A. Triebs [1932] has made extensive 
investigations concerning spectra of fourteen porphyrins, including some made 
from haem, and has established the position of a common band at 4000 A. 
Studies on bile and purified bile pigment yield a spectrum different from that of 
the haem and porphyrin pigments. Mann et al. [1926] studied the bile pigment, 
and found maximum absorption in the region of 4400 A. Davis & Sheard [1934] 
published ultraviolet spectrum data of bile pigment in pure state. Their curve 
shows a heavy absorption from 5000 to 3600 A. with a maximum at 4500- 
4600 A. 

The following investigations were undertaken in order to correlate the ultra¬ 
violet absorption spectra of haemoglobin compounds and derivatives with 
their chemical structures. Theseinoluded a study of awide variety of haemoglobin 
derivatives. Part of this work had been done previously, but the separate 
entities had been examined by different investigators with different apparatus 
and methods. In no instance could reference be found to a study of this kind 
having been carried out on the haemoglobin of a single species by one investigator 
and the same technique. 


( 2016 ) 
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Methods . The instrument employed was a Bellingham and Stanley quartz 
spectrograph. The ultraviolet spectrum from 2100 to 5000 A. was extended 
over 18 cm. upon the negative. The absorption measurements were determined 
by the use of a photoelectric recording photometer developed in this laboratory 
by Macallum & Coates [1933]. 

Recrystallized horse haemoglobin was used for the experiments. It was pre¬ 
pared by the usual methods for obtaining a purified haemoglobin solution and 
crystallized in an electrodialysis apparatus after a 4-hour period dialysis. It was 
recrystallized in the dialyser twice from a solution of cold water containing a 
small amount of bicarbonate. The crystals prepared in this way were dried in 
air and kept for periods of weeks without showing appreciable change to 
methaemoglobin. 

The pure haem was prepared from solutions of the purified haemoglobin by a modification of 
the Schalfejeff method. It was recrystallized twice by dissolving it in chloroform solution con¬ 
taining a small amount of pyridine and allowing it to reprecipitate slowly after the cautious 
addition of acid. The recrystallization was repeated twice and the crystals thoroughly dried. 

Crystalline haematoporphyrin was prepared from the recrystallized haemin by dissolving it 
in glacial acetic acid and saturating the solution with dry hydrogen bromide gas at 10°. It required 
3-4 days to dissolve 5 g. of haemin in 50 ml. of glacial acetic acid by this method. Repreoipitation 
of the haematoporphyrin was brought about by the addition of sodium acetate. The ferric oxide 
was removed by sodium hydroxide. The haematoporphyrin was repeatedly reprecipitated with 
acid and finally crystallized in vacuo over sulphuric acid. Recrystallization was made from 10% 
hydrochloric acid and the crystals were “air dried’*. 

The oxyhaemoglobin solutions were prepared from the dried horse haemoglobin solutions by 
weighing out the required amount to give a 0*2% solution, and dissolving it in distilled water with 
sufficient shaking to aerate the mixture and convert all the haemoglobin into oxyhaemoglobin. 
The spectrograms were taken at once. 

The reduced haemoglobin solutions were made in the same way from the dried crystalline 
haemoglobin; to each 100 ml. of these solutions there were added 10 ml. of 10% sodium hydro¬ 
sulphite in 6°o ammonia in order to bring about complete reduction of all the haemoglobin. The 
hand spectroscope was used to detect the complete transformation of oxy- to reduced haemoglobin. 

Neutral methaemoglobin was prepared by adding 10 drops of 10% potassium ferricyanide to 
100 ml. of 0*2% oxyhaemoglobin. Alkaline methaemoglobin was similarly prepared except that 
the 0*2% oxyhaemoglobin had been prepared in 0*01 N ammonia. The degree of the change from 
oxyhaemoglobin to methaemoglobin was measured by the hand spectroscope. 

The haemoglobin was converted into ear boxy haemoglobin by pure carbon monoxide. 

The stock alkaline haematin was prepared by dissolving 13 mg. of dried haemin in 25 ml. of 
NaOH. For spectrographic purposes 0*25 ml. of the stock solution was diluted with 4*75 ml. 
of water. An alcoholic solution of alkaline haematin was made from the stock solution by adding 
0*25 ml. to 4*75 ml. of absolute alcohol. The stock solution of acid haomatin was made up by 
dissolving 13 rag. of the dried haemin in 10*0 ml. of 0*5 N NaOH. 0*5% gum arabic was added to 
this solution as a protective colloid in order to prevent precipitation of the pigment when 1*0 ml. 
of ooncentrated hydrochloric acid was added. 0*3 ml. of this stock was diluted to 5*0 ml. for 
spectrographic purposes. Acid haematin in alcohol solution was made by adding 0*3 ml. of the 
stock solution to 4*7 ml. of absolute alcohol. 

Pyridine haemoohromogen was made by adding small amounts of pyridine and sodium 
hydrosulphite to alkaline haematin solution. Piperidine haemoohromogen was similarly prepared. 
A preparation of alkaline haematin and pyridine without reduction was also made and the 
spectrogram taken. 

The bilirubin obtained for this work was the preparation used for intravenous injection and of 
a fairly high purity. It was purified further and crystallized from chloroform. It was dissolved 
in 0*01 N ammonia for spectrographic work, A solution was also made in a 50; 50 alcohol-acetone 
mixture to which a small amount of 0*1 N NaOH had been added. 
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The globin was prepared from horse blood by the method of Hill & Holden [1926]. For speotro- 
graphic purposes a 10% solution was made. To prepare a denatured globin solution, the native 
protein was heated with 0-5 N hydrochloric acid for half an hour at 60°. 




Fig. 2. .— — Native globin.-Denatured globin. •—• Haemoglobin reduced 

in a tonometer. -Haemoglobin reduced by hydrosulphite. 

Observations. Oxyhaemoglobin, reduced haemoglobin and carboxyhaemo- 
globin all give spectrum curves which are quite similar. All are characterized by 
tiie intense main band in the region of 4100 A. while lesser absorption is shown at 
3700 A. There is another minor band at 3400 A. which appears to be characteristic 
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of the haemoglobin molecule. There is also a band at 2750 A. Methaemoglobin 
in neutral and alkaline solution shows the typical absorption at 4100 A. and the 



Fig. 3. - Acid haematin in alcohol.-Acid haeraatin in water. 

x — x Alkaline haeraatin in alcohol, o —o Alkaline haematin in water. 



Fig. 4.-Haematoporphyrin. ■■■■ — ■ Pyridine haemochromogen. 

-Piperidine haemochromogen. x — x Alkaline haematin (reduced). 


haematin solutions show the same general type of curve. The haemochromogens 
have a very distinct band at 4100 A. and a heavy general absorption below 
3400 A. The haematoporphyrin has a similar spectrum but the general absorption 
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is greater. The bilirubin spectrum is entirely different. The absorption is very 
high from 5000 to about 4000 A., while there are no areas of selective absorption. 
The globin, both native and denatured, gives a band at 2750 A. 



Fig. 5.-Bilirubin in alcohol-acetone solution.-Bilirubin in dilute ammonia. 


Discussion. 

All the haemoglobin compounds and derivatives display a similar selective 
absorption in the ultraviolet. The “great” absorption band at 4100 A. is found 
in the same general form in oxy-, reduced, carboxy-, and met-haemoglobin. The 
exact centre of the band is difficult to locate, since its determination depends 
on the selection of the boundaries of the band. The bands of oxyhaemoglobin 
and CO-haemoglobin are very similar, oxyhaemoglobin showing more general 
absorption. All have a small peak at 2780 A. and a rather poorly defined band 
centred at 3400 A. At 2700 A. there is another band which has been shown to 
be due to the globin fraction [Lewis, 1917]. The curves for purified globin, both 
native and denatured, show this characteristic band in the region of 2700 A. 
Methaemoglobin in alkaline solution has the same general spectrum as oxyhaemo¬ 
globin and CO-haemoglobin. In neutral solution it exhibits greater general 
absorption but the same type of curve. Reduced haemoglobin has the same 
general form except for increased general absorption, due to the presence of 
sodium hydrosulphite. This reagent has such a high absorption in the ultra¬ 
violet that a cut-off occurs about 3300 A. The reduction of the oxyhaemoglobin 
by shaking in vacuo in a tonometer was also tried as a means of making reduced 
haemoglobin, but this did not give very good practical results since the haemo¬ 
globin had a tendency to precipitate, thus rendering the solution unsuitable for 
satisfactory observations. 

Alkaline haematin solutions are very similar to haemoglobin. There is a 
typical selective band centred at 4000 A. which represents a slight shift towards 
the shorter wave-lengths. The general outline of the curve is unchanged. The 
small sharp peak at 3650A. also shifts towards the violet, and a broad band, which 
in centred at 3400 A. in haemoglobin, appears at 3350 A. The degree of absorption 
is about the same. The alkaline haematin in aqueous solutions gives a less clearly 
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defined curve than the one in alcoholic solution. In aqueous solutions, the band 
centred at 4000 A. spreads over the adjacent wave-length3 and includes the small 
curve normally present at 3650 A. The other band is shifted considerably to the 
violet and is centred about 3200 A. Since the haematin compounds are protein- 
free and have a spectrum similar to haemoglobin it follows that the globin 
fraction is not responsible for any of the observed bands in the haemoglobin 
spectrum with the exception of the one at 2700 A. Acid haematin is similar to 
alkaline haematin, although in aqueous solution the band at 4000 A. is broad 
and not well defined. Dissolved in alcohol its spectrum resembles closely the other 
haemoglobin spectra. Haemochromogens are very similar to the haemoglobin 
compounds, the band being centred about 4150 A. This is in contrast with the 
haematin bands which are centred about 4000 A. The physical state has an 
influence in the spectrum, apparently association of the molecules as in acid 
haematin causes shifting toward the shorter wave-lengths. 

Haematoporphyrin, the iron-free pigment, has a spectrum which resembles 
in general form that of the other haemoglobin derivatives. This would indicate 
that the iron is not concerned in the spectrum. It has been postulated [Hicks & 
Holden, 1932] that the presence of the intense band at 4100 A. is due to the fully 
saturated iron valence, but the intense band in the iron-free pigment seems to 
show such a hypothesis to be incorrect. The valence of the iron is apparently 
not a factor even in the compounds where iron exists in different states. This is 
shown by the comparison of the spectra of haemoglobin and met haemo¬ 
globin. There appears to be no essential difference in the general form of the 
curve and the intense band at 4100 A. is present in both. Small differences in 
degree of absorption do not indicate much difference in chemical structure. 

The bile pigment spectrum is different from that of haemoglobin. There is 
a region of heavy absorption from 5000 to 4000 A. In alcohol and acetone there 
is a slight curve at 3400 A. , which does not appear in the ammoniacal solution. In 
the haemoglobin compounds and derivatives there must be a common feature 
which is responsible for the characteristic ultraviolet spectrum. In the bile 
pigment this structure or molecular arrangement is so changed that the spectrum 
is radically different. It has been shown that the haem radical is the common 
factor which apparently gives the characteristic spectrum which is not funda¬ 
mentally altered by union with the globin, as in haemoglobin. Nor is it 
influenced by the valence of the iron as there is little difference between the 
spectra of oxyhaemoglobin and methaemoglobin and it is not altered radically 
by change in physical state, as in acid haematin in water solution. In the 
bile pigment, however, which is derived from haemoglobin by chemical re¬ 
arrangement, the haem nucleus is no longer present. The porphyrin ring system 
made up of four substituted pyrrole nuclei is rearranged and altered to give four 
pyrrole nuclei, changed in substitution slightly and arranged in a straight chain. 
A study of the ultraviolet spectra leads to the conclusion that the absorption 
band at 4100 A. in haem compounds is due to the porphyrin ring arrangement 
and that the change of the ring to a straight chain involved in bile pigment 
formation from blood pigment is responsible for the lack of the specific absorption 
band at 4100 A. in bile pigments. 

Summary. 

1. Ultraviolet absorption curves have been described for oxyhaemoglobin, 
carboxyhaemoglobin, reduced haemoglobin, neutral and alkaline methaemo¬ 
globin, alkaline and acid haematin in aqueous and organic solvents, reduced 
alkaline haematin, pyridine and piperidine haemochromogens, haematopor- 
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phyrin, bilirubin in ammoniacal and organic solvents and also for native and 
denatured horse globin. 

2. It has been shown that oxyhaemoglobin and its compounds and derivatives 
have a main ultraviolet band in the region of 4000 A., a small band at 3750 A. 
and a broad shallow band in the region of 3400 A. 

3. The band at 2700 A. found in the haemoglobin compounds which still 
contain globin is due to the globin part of the molecule. Curves are presented 
for native and denatured globin solutions and there is only the band in the region 
of 2700 A. There is very little spectral difference between the native and de¬ 
natured globin. 

4. Haematin compounds in organic solvents have greater ultraviolet 
absorption and the peak of the band is shifted towards the violet. 

5. Bilirubin has a broad absorption band extending from 5000 A. to about 
4100 A. There is no band at 3400 A. The spectrum is quite dissimilar from that of 
the haemoglobin derivatives. 

6. There is no basis for the theory that the intense band at 4000 A. in haemo¬ 
globin compounds is related to the valence of the iron. Haematoporphyrin, an 
iron-free pigment, shows the band at 4000 A. 

7. It is believed that sufficient evidence is presented to show that the main 
violet absorption band in the region of 4000 A. only occurs when the porphyrin 
pyrrole ring system is present and that it is absent when this ring system Incomes 
a straight chain as in bilirubin. 
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CCLXXXV. FAT METABOLISM IN FISHES. 

X. HYDROGENATION IN THE FAT DEPOTS 
OF THE TUNNY. 


By JOHN ARNOLD LOVERN. 

From the Torry Research Station , Aberdeen , of the Department of Scientific 
and Industrial Research. 

(Received 24 September 1936.) 

Since the work of Leathes & Wedell [1900] and Hartley [1909] the idea of 
desatu ration of fatty acids has been more or less accepted amongst biochemists, 
even although the original evidence for this theory has been considerably shaken. 
Strangely enough, the conception of the converse process, namely saturation or, 
to use a more usual term, hydrogenation, has until recent years been overlooked 
or ignored. This is the more surprising in that enzyme actions are considered as 
always reversible. Banks & Hilditeh [ 1932] propounded the theory of hydrogena¬ 
tion of preformed glycerides in the fat depots of the pig, and this suggestion was 
strengthened and amplified in later papers from the same laboratory [ Hilditeh & 
Stainsby, 1935; Hilditeh & Paul, 1935]. In the realm of aquatic fats the author 
adduced evidence suggesting hydrogenation and dehydrogenation processes in 
several cases [Lovem, 1932, 2; 1934]. As far as dehydrogenation processes are 
concerned numerous workers in recent years have established the presence* of the 
necessary enzyme, although the reversibility of the system has not been demon¬ 
strated. 

The author was fortunate, with the assistance of Dr F. S. Russell, of the 
Marine Biological Laboratory, Plymouth, in obtaining the whole of the viscera 
and a portion of the flesh of a large tunny (Thynnus thynnus) caught off Scar¬ 
borough. As will be shown, the examination of this material afforded further 
evidence of hydrogenation as a mechanism controlling depot fat composition. 

Experimental. 

Fat was extracted from the flesh, liver, pyloric caeca, spleen and heart. In 
each case the fat was freed from phosphatides and the fatty acids of the glyceride 
fractions were examined in detail. Tho results are expressed in Table I, as 


Table I. Compositions of mixed fatty acids (weights °j 0 ). 

Saturated Un saturated 


Depot 

Oh 

Qm 

c 18 

0„ 

Cm 

C 20 

C 22 

Flesh 

4-2 

180 

3*5 

6-2 

(-2*7 H) 

20-0 

(-3-2H) 

23-5 

(- 5*5 H) 

18-0 

(-6-8H) 

Liver 

Nil 

17*9 

8*9 

— 3*4 

(-2*5H) 

23-5 

(-2-8H) 

28*2 

( -5-5H) 

181 

(-7-4H) 

Pyloric 

caeca 

3*4 

18*4 

2*7 

6*3 

( -2*7H) 

21-9 

(-3-7H) 

25-5 

( - 5*5H) 

21-8 

(-6-2H) 

Spleen 

Nil 

21 

7 

— 7 

(> -2-0H) 

27 

<~:hh) 

22 

(-5-411) 

16 

(-TH) 

Heart 

Nil 

25 

3 

— 4 

(> -2*0H) 

( 2023 ) 

26 

(-3-4H) 

25 

(-5-4U) 

17 

(-7-5H) 
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weights %. Prom the heart and spleen the quantity of material available was 
only sufficient for examination by semimicro-methods, and in view of the 
probably greater experimental error involved the results for these two fats are 
only given to the nearest unit. The degrees of average unsaturation of the various 
groups are expressed as lack of hydrogen, as in previous papers. 

In all the fats there was evidence of unsaturated acids of more than 22 carbon 
atoms. The quantities are probably of the order of 1-2% but could not be 
determined with accuracy and are therefore included in the C 22 percentages. In 
the liver and body fats traces of arachidic acid were found, but it appeared to be 
absent from the other specimens. 

Discussion. 

These fats as a whole form a class with well marked peculiarities probably 
characteristic of the tunny family. Compared with the majority of marine 
species these are: for the saturated acids, high stearic and to a less extent high 
palmitic acid contents, and in three cases the absence of rayristic acid: for the 
unsaturated acids, low palmitoleic acid content and entire lack of myristoleic 
acid (C 14 ) normally present in traces in aquatic fats. 

Whilst these specific characters apply to the whole range of tunny fats, there 
are some marked variations within the series itself. The stearic acid content 
varies from 2-7 to 8*9 %. The degree of average unsaturation of the unsaturated 
C 18 acids varies also, from -2-8 to —3-7 H. It will be seen from Table II that 
there is a steady and progressive relationship between these two phenomena. As 
the stearic acid content rises, so the degree of unsaturation of the remaining C 18 
acids falls. The figure for the heart fat, of course, is only reckoned to the nearest 
unit and probably only fortuitously fits so neatly, but the rest of the series is 
valid. 


Table II. Relation between stearic acid content and degree of unsaturation 

of C 18 acids. 


Depot 

Pyloric caeca 

Heart 

Flesh 

Spleen 

Liver 


Stearic % 

Degree of unsaturation 
of C 18 acids 

Total saturated 
acid % 

2-7 

-3*7 

24-5 

3 

-3-4 

28 

3-5 

-3*2 

26-3 

7 

-3*1 

28 

8-9 

-2-8 

26-8 


The G 18 unsaturated acids consist of a mixture of oleic acid and polyethylenic 
acids. Thus a fall in the degree of average unsaturation means that the poly¬ 
ethylenic acids have been reduced in amount, or in degree of unsaturation. If a 
mixture of such acids and oleic acid is artificially hydrogenated with a nickel 
catalyst, the polyethylenic acids are preferentially saturated to oleic acid, before 
any stearic acid is produced. In hydrogenation processes in the animal, however, 
such is not the case, as was pointed out by Banks & Hilditch [1932] and confirmed 
in later work. There stearic acid may be produced from oleic while there is still 
much linoleic etc. acid present. The above series suggests that several reactions 
have been going on simultaneously—hydrogenation of oieio acid to stearic and 
hydrogenation also of the polyethylenic acids. 

It seems almost certain that the food fat of the tunny would contain at most 
about 1 % of stearic acid. This is evident from what is now known as to the 
composition of a large range of aquatic fats and is further suggested by the com¬ 
position of the pyloric caeca fat. It is in this fat that the stearic content is 
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lowest. One of the main functions of the pyloric caeca, in the salmon at any rate, 
has been shown to be the absorption of food fat [Greene, 1913] and fat found in 
the caeca is likely to be largely food fat, probably already beginning to undergo 
modification to species requirements. 

These requirements in the tunny appear to include the virtual elimination of 
C 14 acids. In three of the fats there is no C 14 acid at all. The effect of this is to 
diminish the available percentage of saturated acids. The tunny apparently 
spends considerable periods in relatively warm water and moreover is notable for 
having a body temperature some 3° higher than that of the water [Hanson, 
1929]. Such a fish might perhaps be expected to have a higher total content of 
saturated acids than is usual in fishes, although it may be noted that such 
a condition was not found in the fat of some tropical carp examined by the 
writer [Lovem, 1935] as compared w ith British carp [Lovem, 1932,1] inhabiting 
much colder water. Whilst the cause may thus l>e doubtful the fact remains that 
the tunny fats have higher contents of saturated acids than usual, as shown in 
the last column of Table II. The usual total content of saturated acids is from 
15 to 20%. 

The evidence that this lias been brought about by hydrogenation does not 
rest on the stearic acid figures alone. The palmitic acid percentage is higher than 
normal for fish fats (18 to 25% as compared with a normal value of 8 to 16%). 
That this is coupled with a lower palraitoleic acid content than normal is surely 
suggestive. 

The total C 16 acid percentage (21-29%) is of the same order as that in most 
fish fats—i.e. in the' tunny food fat—and it is evident that the high palmitic acid 
content has been at the expense of the palmitoleic acid content. Hydrogenation 
seems to be the only obvious explanation of such a condition. Finally the appear¬ 
ance of traces of arachidic acid in two of the fats is probably due to hydrogena¬ 
tion since this acid is not found in most aquatic fats. It is suggestive that the net 
effect of all these processes has been to keep the total saturated acid content 
roughly constant as is shown in the last column of Table II. The constancy is 
more marked if the fat from the pyloric caeca be excluded, and it has been 
mentioned that this fat is probably in process of being and is not yet com¬ 
pletely adapted to the tunny requirements, further hydrogenation being re¬ 
quired. 

Constancy of total saturated acids in spite of varying proportions of the 
individual saturated acids has been encountered before [Lovern, 1932, 2] but 
is not found in all species [Lovem, 1934]. A possible case of simultaneous 
hydrogenation of oleic and polyethylenic C 18 acids has been recorded before in 
ripening salmon eggs [Lovern, 1936] where, concurrently with a marked fall in 
the average unsaturation of the C 18 acids, stearic acid appeared in increasing 
amount. 

It may be noted that the greatest amount of hydrogenation appears to have 
gone on in the liver (highest stearic content, lowest degree of unsaturation of the 
Cjg acids and presence also of arachidic acid). This is yet another instance from 
aquatic fats of a liver fat of composition opposed to that which the old idea of 
desaturation in the liver would lead one to predict. The conger eel affords an 
even better example [Lovem, 1934]. 

Summaby. 

The fats from the flesh, liver, pyloric caeca, heart and spleen of the tunny 
(Thynnua thynnua) have been examined. The component fatty acids of all these 
fats exhibit peculiarities probably characteristic of the tunny family. They 
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include lack of ^14 acids, low palmitoleic acid, high palmitic and stearic acid 
contents. 

Apart from these common peculiarities the different fats show considerable 
variety in their contents of certain acids and in the degree of average unsatura¬ 
tion of the acids. It is shown that the content of stearic acid is inversely 
proportional to the degree of unsaturation of the remaining C 18 acids, and 
simultaneous hydrogenation of oleic and polyethylenic C 18 acids is suggested as 
the explanation. It is further indicated from the results that hydrogenation of 
palmitoleic to palmitic acid takes place, as well as the production of traces of 
arachidic acid by hydrogenation of C 20 unsaturated acids in two cases. 

The purpose of the hydrogenation is possibly to maintain a roughly constant 
content of saturated acids. This is higher than usual for fish fats, perhaps be¬ 
cause of the warm habitat of the tunny and the fact that its body temperature 
is somewhat higher than that of the water. 
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CCLXXXVI. THE METABOLISM OF GALACTOSE. 

III. x. LACTOSE SYNTHESIS FROM (a) A GLUCOSE- 
GALACTOSE MIXTURE, (6) PHOSPHORIC ESTERS, 
BY SLICES OF THE ACTIVE MAMMARY GLAND 
IN VITRO. 

2 . THE EFFECT OF PROLACTIN ON LACTOSE SYN¬ 
THESIS BY THE MAMMARY GLAND. 

By GORDON ALLTSON GRANT. 1 
From the Department of Biochemistry , Lister Institute , London. 

(Received SO September 1936.) 


i a. LACTOSE SYNTHESIS FROM A GLUCOSE- 
GALACTOSE MIXTURE BY SLICES OF THE 
ACTIVE MAMMARY GLAND IN VITRO. 

Svanbeko [1930] investigated the possibility that a brei made of the lactating 
mammary gland might synthesize lactose from added glucose or ,a glucose- 
galactose mixture. In his experiments toluene was used as a preservative, and 
the reducing sugars were partitioned into disaccharide and monosaccharide 
fractions. With one doubtful exception, the results were negative. Michlin & 
Lewitow [1934] carried out similar experiments and claimed, on the basis of 
irregular changes in the total reduction of their solutions, to have demonstrated 
the synthesis of lactose from glucose and galactose mixtures. Grant [1935) deter¬ 
mined the extent of lactose synthesis by slices of the active mammary gland 
immersed in oxygenated physiological salt solutions containing different hexoses. 
A quantitative micro-method was developed for the estimation of small amounts 
of lactose, using S. fragilis Jorg., as a biological reagent for this sugar. An in¬ 
creased synthesis of lactose was readily obtained with glucose as a substrate, 
while there was little evidence of such synthesis from fructose, mannose or 
galactose. In the present communication, the amounts of lactose formed in vitro , 
when glucose or galactose, respectively, is a substrate for slices of lactating tissue, 
are compared with those obtained from equivalent amounts of glucose-galactose 
mixtures. 

Experimental. 

2 ml. portions of an oxygenated physiological salt solution containing glucose 
(8 mg.), galactose (8 mg.), or a glucose-galactose mixture (4 mg. of each hexose), 
respectively, were incubated with approximately equal weights of mammary 
gland slices for 6 hours at 37°, as previously described [Grant, 1935], At the end 
of this period the extent of the lactose synthesis was determined in each case; 
the reducing sugars were estimated by the differential fermentation method, as 
“fermentable sugar 5 * (glucose, fructose or mannose), galactose and lactose. 

1 Beit Memorial Research Fellow. 
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There was little evidence of increased utilization of galactose, when glucose- 
galactose mixtures were used, over the small amount found for galactose alone. 
The lactose synthesis was scarcely increased above the amount to be expected 
from the glucose component of the mixture (Table I). 

Table I. Lactose synthesis from glucose , galactose and glucose-galactose 
mixtures by the active mammary gland, in vitro. 




(6 hours, 37°.) 

Hexose 


Wt. of tissue 


Hexose 

remaining 

Lactose 

slices 


added 

after 6 hrs. 

synthesized* 

mg. (wet wt.) 

Substrate 

mg. 

mg. 

mg. 

172 

Glucose 

8 

0*9 

3*5 

185 

Glucose 

8 

0*4 

3*0 

160 

Galactose 

8 

5-8 

0*47 

174 

Glucose 

4 

0 l 

2*1 


Galactose 

4 

2*8 f 

103 

Glucose 

4 

0*3) 

2*3 


Galactose 

4 

2*5 f 


* Above that re maining after 6 hours in control experiments without added hexoses, which was 
0-88-0-90 mg. lactose per 100 mg. tissue (wet weight). 


These findings suggest that the mechanism of lactose synthesis in the 
lactating parenchyma does not simply involve a direct combination of free 
glucose and galactose in glucosidic linkage. In this connection, it was shown 
thatadried acetone-defatted powder of lactating mammary tissue did not contain 
an active /?-galactosidase since it was unable to hydrolyse added lactose over a 
period of 120 hours (pH 7*3; 37°), but since the same preparation gave negative 
results for synthesis with glucose, or a glucose-galactose mixture the findings do 
not rule out the possible significance of this enzyme. Similar results suggesting 
the absence of an active lactase have been reported by Kleiner & Tauber [1932], 
using glycerol extracts of the lactating udder, and by Bradley [1912-13]. 

Experiments with non-living preparations of lactating mammary tissue . 

Weinbach [1936] has stated that non-fermentable reducing material was 
synthesized from added glucose by a dried preparation of lactating glands of rats; 
in one of his two experiments, the amount of this material formed was in excess 
of the added glucose, and he believed that this excess came firom a lactose-pre- 
cursor which is non-reducing and only becomes available when the mammary 
gland preparations are placed in a solution containing glucose. The semi- 
quantitative method used for the identification of lactose and the absence of 
data concerning the amounts of lactose originally present in the preparations 
render an interpretation of the results very difficult. 

In the present investigation, an attempt was made to obtain such active non¬ 
living preparations. Lactating glands of guinea pigs were rapidly frozen in CO s 
snow, powdered and suspended in physiological salt solution (pH 7*3) and kept 
in presence or absence of added glucose at 37° for periods of 0, 5 and 10 hours. 
Portions were removed at stated intervals and the glucose (“fermentable sugar ”), 
galactose and lactose contents were determined in the deproteinized filtrates 
(Somogyi-Zn(OH) 2 precipitation) after suitable dilution by the method referred 
to previously. The results are shown in Table II. There was no synthesis of 
lactose in amounts which would convincingly demonstrate the presence of a non- 
reducing lactose-precursor in the gland preparations, or the ability of these 
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Table II. Changes in sugar content of non-living preparations of lactating 


mammary tissue when kept at 37°.* 

Amount of 
mammary 


gland 

preparation 
Exp. no. g. in 10 ml. 


Glucose (mg.) 

A. 



Lactose (mg.) 

A 


0 hr. 

5 hr. 

lolir. 

0 hr. 

5 hr. 

lohr. 

Mammary tissue alone: 

1 2-2 

0 

1-6 

0-6 

11*8 

10*8 

11-5 

2 2*5 

0-4 

2-8 

0 

5-8 

9-2 

7*5 

3 3-8 

0 

4-2 

4-0 

30*2 

36-5 

35*0 

Mammary tissue + added glucose: 

1 2-2 194 

192 

195 

12*8 

13-8 

13*5 

2 2-5 

188 

199 

159 

6*8 

0 

2*5 

3 3-8 

189 

192 

184 

37 5 

38-5 

46*3 


* Galactose was not present in measurable amounts in either series. Exps. 1, 2 and 3 represent 
preparations of mammary glands from three different animals; the glands were removed from one 
to two hours after the last suckling period. 


preparations to convert added glucose into lactose. Small amounts of “fer¬ 
mentable sugar ” (glucose, fructose or mannose), were produced, but galactose 
was not present in recognizable amounts. A preparation from mammary tissue 
by the method used by Meyerhof in preparing active glycolytic extracts from 
muscle also gave negative results for lactose synthesis from added glucose. 

It has been suggested by Helferich [1933] that the process by which a mono¬ 
saccharide is converted into a disaccharide in the presence of a synthetic catalyst 
must be regarded as precisely similar to that by which a- and /3-glucoses are con¬ 
verted into the two methylglucosides. Thus according to classical theory the 
synthesis would occur in two steps: 

(1) tt-glucose — — : ±: ^-galactose; 

/S-galactosidase 

(2) q-glucose+jS-galactose S: lactose + H 2 0. 

(4 (jS-galactosido-) 
a-rf-glueose) 

The results obtained in the present investigation are not those one would expect 
if a rapid direct coupling of glucose and galactose in glueosidic-linkage occurs as 
part of the mechanism of the lactose synthesis in the mammary gland (reaction 2). 


lb. PHOSPHORIC ESTERS AS SUBSTRATES FOR 
LACTOSE SYNTHESIS BY SLICES OF THE ACTIVE 
MAMMARY GLAND IN VITRO. 

The important role of phosphoric esters in the intermediary carbohydrate 
metabolism of yeast and muscle has been well established by the extensive 
researches of Harden, Robison, Meyerhof, von Euler, and their co-workers [see 
Robison, 1938]. It is possible that these esters may also play a part in the 
changes taking place during the conversion of glucose into lactose in the lactating 
mammary gland. It is known that preparations of the active gland produce 
lactic acid from glucose, galactose, lactose and phosphoric esters and that here, 
as in yeast and muscle, the phosphorylation taking place is very likely connected 
with the active glycolysis of the lactating parenchyma [Svanberg, 1930; 
Barrenscheen & Alders, 1932; Borst, 1932; Brenner, 1932; Folley & Kay, 1935; 
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Grant, 1935]. No evidence, however, has yet been presented which directly con¬ 
nects the phosphorylation with the synthesis of lactose. 

In an attempt to obtain further information on this point, some of the esters 
which are known to play an important part in the fermentative and glycolytic 
processes, and which have been shown to be produced during the fermentation of 
galactose by preparations of adapted yeast [Grant, 1935], have been used as sub¬ 
strates for the synthesis of lactose by slices of the active mammary gland in vitro . 
The following naturally occurring hexosephosphates were employed: glucose-6- 
phosphate, fructose-6-phosphate, fructose-l:6-diphosphate ; the synthetic galac- 
tose-6-phosphate which has not been found among the products of galactose 
fermentation has also been used. In view of the importance of the 3-carbon ester, 
phosphoglyceric acid, in the later stages of the glycolytic process [Lohmann & 
Meyerhof, 1934; Meyerhof & Kiessling, 1935], this ester has also been included 
as a substrate. 

Experimental. 

The general conditions are those described in Section 1 a, suitably altered to 
enable the sugar analyses, “fermentable sugar” (glucose, fructose and man¬ 
nose), galactose and lactose, to be made by the differential fermentation method 
on the ester-free deproteinized tissue filtrates. The neutral sodium salts of the 
esters used as substrates for the mammary tissue slices were added in equimolar 
amounts to the glucose used in the comparative experiments, except for the 
phosphoglyceric acid, for which twice the molar equivalent was employed. The 
esters remaining at the end of the experimental period were precipitated at 
pH 8*2 by the addition of barium acetate solution to the alcohol-deproteinized 
tissue filtrates. 


Table III. Lactose synthesis by slices of the active mammary gland in vitro 
at 37 °. Availability of phosphoric esters as substrates. 


mg. lactose per 100 mg. % substrate decomposed 
tissue (ary wt.) in 0 hoursf 


Time 


mMol. 


A -* 

r- ^ 

hours 

Substrate 

(xl0») 

I* 

11 

11 

0 

Control 

— 

20 

11 

— 

6 

Control 

— 

1*4 

3-5 

— 

6 

Control 

— 

2d 

2-2 

— 

6 

Phosphoglycerate 

88 

2-8 

2-4 

30 

6 

Phosphoglycerate 

88 

2-3 

27 

43 

6 

Phosphoglycerate 

88 

3*7 

3 1 

40 

6 

Glucose 

44 

6-5 

10-8 

92 

6 

Glucose 

44 

7-2 

14-7 

94 


0 

Control 


III 

IV 

1-8 

V 

III 

IV 

V 

6 

Control 

— 

3-3 

2*7 

— 

— 

— 

— 

6 

Control 

— 

3*9 

2-0 

1*9 


— 

_ 

6 

Glucose-6-phosphate 

44 

1-2 

2 1 

i-e 

54 

24 

52 

6 

Galactose-O-phosphate 

44 

2-4 

— 

1*0 

60 

— 

63 

6 

Fructose-6-phosphate 

44 

1*8 

(2d 

(4-5 

1*0 

53 

(40 

124 

20 

6 

1 

1 

1 

o 

1 

44 

1-5 

0*8 

38 


15 

6 

Glucose 

44 

6*6 

11*5 

— 

83 

77 

— 

6 

Glucose 

44 

— 

21*6 

5-8 

— 

85 

100 


* I, II, III, IV and V represent separate experiments with lactating glands from different 
animals. 

t When the substrate is a phosphoric ester, the value is calculated as the % ester-P set free 
as inorganic phosphate; when the substrate is glucose the value is calculated as the % decrease in 
“ fermentable sugar 
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Table IV. Action of rmmmary tissue slices on hexosephosphates. 

Esters originally present in equivalent amounts to the glucose (44 x 10~ 3 mMol.) i.e. 8 mg. 
hexose. Exps. Ill and V are those referred to in Table III. 

Hexoses present after 8 hours at 37° 

I —— ' \ 

“Fermentable sugar*** Galactose 


Substrate 

Exp. ill 

Exp. V 

Exp. Ill 

Exp. V 

Glucose-6-phosphate 

0*6 

0*3 

0 

0 

Galactose-6-phosphate 

Fructose-0-pnosphate 

0 

0 

2-7 

i-tt 

M 

0-3 

0 

0 

Fructose-1:6-diphosphate 

10 

0*8 

0 

0 


* Glucose, fructose or mannose. 


Aliquot portions of the ester-free alcoholic solutions were evaporated to 
dryness at 60° and the aqueous solutions of the residues analysed for ‘‘fer¬ 
mentable sugar” (glucose, fructose or mannose), galactose and lactose. The 
results obtained are summarized in Tables 111 and IV. 

The phosphoric esters were decomjjosed to varying degrees in the different 
experiments (15-63%), as judged by the inorganic phosphate liberated. There 
was little evidence of an increase in lactose with the esters as substrates, in com¬ 
parison with that occurring when glucose was employed. Nor was there any 
accumulation of free galactose, except in the experiments with galactose-6- 
phosphate, where it arose, presumably, by the hydrolysis of this ester. The 
varying amounts of free glucose in the glucose-6-phosphate experiments and of 
free fructose in those with the fructose esters very likely had a similar origin 
(Table IV). There was no evidence of the synthesis of free hexoses from the 
phosphoglyceric acid. These negative results are, however, not conclusive since 
there is always the possibility that the esters were unable to penetrate into the 
tissue cells. 

Effects of fluoride and iodoacetate on lactose synthesis. 

Sodium fluoride (0-04 JU) and sodium iodoacetate (0 02 M) almost completely 
inhibited the utilization of added glucose by the mammary gland slices. The 
glucose was recovered unchanged to the extent of93-96 %, in the experiments with 
sodium fluoride, and 88-92 % in those with sodium iodoacetate; lactose synthesis 
was stopped, and there was no evidence of the production of free galactose. 
It is not clear whether the lactose mechanism is inhibited independently, or 
whether this inhibition is consequent upon the effects of these two compounds 
upon the glycolytic process. 


2. THE EFFECT OF PROLACTIN ON LACTOSE 
SYNTHESIS BY THE MAMMARY GLAND. 

Nelson [1936] has reviewed the numerous researches of the last decade relating 
to the hormonal control of the mammary gland. It has been possible to correlate 
the proliferative changes of duct and lobule-alveolar development observed 
during the growth phase with the action of oestrin, possibly supplemented with 
progesterone. It is suggested that the accumulation of the products of secretion, 
and the production of milk, characteristic of the secretory phase, arc due to the 
lactogenic hormone of the anterior lobe of the pituitary. Contradictory evidence 
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has been reported as to whether the oestrogenic hormones can cause duct and 
lobule-alveolar development in hyphophysectomized animals [Nelson, 1936; 
Reece et al ., 1936]; Gomez & Turner [1936,1] state that in complete absence of the 
hypophysis, no growth of the mammary parenchyma is observed. Oestrogenic 
substances can cause responses in the same mammary gland varying from duct 
growth and alveolar dilatation to a hyperplasia resulting in traumatic oedema 
and mammary carcinoma [Collip et al ., 1936; Gardner et al ., 1935; Burrows, 
1935; Pallot, 1936; Lacassagne, 1936]. In contrast to the earlier results obtained 
with crude extracts of the anterior pituitary, evidence is accumulating that the 
purified ‘‘lactogenic ” hormone preparations, while very active in causing pro¬ 
liferation of the crop-gland of the pigeon, do not serve in their lactogenic effect as 
a complete replacement for the secretion of the animal’s own pituitary [Gomez & 
Turner, 1936; Nelson & Gaunt, 1936, 2]. 

Evans [1936] found that an alkaline extract of the anterior pituitary caused 
up to 50 % increase in milk production of lactating cows and goats but had no 
effect in bringing back into lactation animals which had been allowed to ‘‘go dry ” 
for this purpose. De Fremery [1936] obtained only a few drops of milk secretion 
in virgin goats even though large amounts of prolactin were used; he suggested 
that prolactin only causes milk secretion in normal quantities after a pre¬ 
liminary action of oestrogenic hormones [see also, Gomez & Turner, 1934; 
Lyons & Catchpole, 1933]. 

While prolactin undoubtedly causes the production of variable amounts of a 
fluid which has the physical appearance of milk, very few investigations so far 
reported have been concerned with the nature of this induced secretion. For this 
reason, an investigation was made of the effect of the “lactogenic” hormone 
on the synthesis of lactose—since this is a specific mechanism of the active 
mammary gland. 

Experimental. 

Normal multiparous guinea-pigs were separated from their litters (an equal 
number of 3 young to each parent) two weeks after the onset of lactation. The 
involution of the mammary glands was allowed to proceed for several days 
(stripping the glands twice daily), until only small amounts of lactose-free serous 
fluid were being produced. At this stage prolactin in aqueous solution was in¬ 
jected subcutaneously, in amounts varying from 2*5 to 16*6 mg. per 100 g. body 
weight, per day. After a variable period (1 to 3 days), during which the regressing 
glands secreted small amounts of a cloudy fluid, the secretion of “milk” was 
reinstated. The milk was collected twice daily in a graduated capillary pipette 
and washed into 50% alcohol. After centrifuging, the alcoholic centrifugate 
and washings were evaporated to dryness on a water-bath at 60°, and the 
residue was taken up in water to a suitable volume. The lactose content of 
this aqueous solution was determined by the differential fermentation method 
[Grant, 1935]. The total protein figures represent the dry weight of the washed 
precipitate. In some cases, the milk was deproteinized by the Somogyi-Zn(OH) 2 
precipitation method, both methods of deproteinization yielding the same lactose 
value. 

Examined under identical conditions in a capillary pipette the “milk” had a 
yellowish white colour compared with the chalky white colour of the normal milk 
of the guinea-pig. The microscopic examination revealed numerous fat globules 
and colostrum corpuscles. The results of the chemical examination are shown in 
Table V. Lactose was the only sugar present in the “milk” and;in abnormally 
low concentration (0*04-0*24%). The normal milk of the guinea-pig in early 
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Table V. Lactose synthesis , in vivo, reinstated by prolactin in the mammary glands 
of normal multiparous guinea-pigs , which have just ceased lactation. 


Animal 

Prolactin 
injected 
mg./100 g. 

No. 

Total milk 
secretion 

Lactose synthesized 

Total protein 

no. 

per day 

days 

ml. 

infr. 

<>/ 

<» 

mg. 

o/ 

/o 

1 

30* 

14 

0*24 

0*5 

0*2 

19*6 

8 

2 

3*3f 

5 

0*11 

0*2 

0*2 

0 

5*5 

3 

33t 

5 

0*07 

01 

0*14 

8 

11 

4 

3-3* 

fl 

0*28 

0*1 

004 

— 

— 


2-5* 

3 

0*20 

0*2 

0*1 


— 


0 

9 

017 

0*4 

0*24 

21 

12 

r> ic-o} 

Normal animate: 

5 

010 

0*2 

0*1 

— 

— 

<j 

0; late lactation 3 hours 

0*30 

40 

1*5 

15 

0 

7 

0; tat day 
3 hours 

lactation 

0*9- 

40-2 

4*5 

— 

— 


O; 2nd day lactation 

3 hours 

0-9- 

49-8 

r>*r> 


— 


Protect i n pre pa rat ions: 

* Prolartm, Allen and Hanbury. Ltd.; 1 g. obtained from approximately 644g. of fresh 
anterior pituitary. 

t The fraction insoluble in 86 ° n alcohol at /»H 0, prepared from frozen fresh anterior 
pituitaries bv the method of Bates & Kiddle [1935]. 

t The fraction insoluble at pH 6-4, preparer! from acetone-dried anterior pituitary powder 
by the method of Lyons & Catchpole 11933). 

lactation contains 4*5~.V5%, and that of late lactation 1*5% of lactose. The 
maximum induced milk secretion was 0 08 ml. per day, compared with 0*3 ml. 
jkt 3 hours in the final stages of lactation, and over 0-9 ml. per 3 hours on the 
first and second (lavs of lactation. Though the stimulated mammary glands of 
the animals were tender, the animals did not undergo significant ^weight changes 
during the injection periods. 

Individual mammary glands varied greatly in the amounts of milk produced 
and in the time taken for this to replace the secretion of cloudy serous fluid. A 
preparation of prolactin (Allen and Hanbury) assaying 1*8 crop-gland units per 
mg., gave similar results to those recorded in Table V. In doses of 12 mg. per 
100 g. body weight per day, injected subcutaneously into female guinea-pigs in 
the last stage of lactation, this preparation increased the milk secretion from 
0*02 to 0*15 ml. per day. Injected for two weeks into animals which had gone 
completely “dry'’ it induced only cloudy serous fluid, and in both the secretion 
and the mammary glands of these animals the sugar was not lactose but glucose 
(“fermentable sugar”). The preparations of prolactin used were inactive in 
causing a measurable increase in lactose synthesis from added glucose m vitro, 
but this is not surprising considering the limited effect of these preparations 
in vivo . 

Discussion. 

Evans [1933], using an alkaline extract of the anterior pituitary, obtained an 
induced secretion resembling colostrum in its appearance from a virgin goat, but 
no mention is made of its lactose content. Catchpole et al. [1933] reported that 
the milk secretion induced by prolactin in a virgin heifer had a low lactose (total 
reduction) and high chloride content. De Jongh & Dingemanse [1931] stated 
that the milk obtained from the mammary glands of normal male guinea-pigs, 

Biochem. 1936 xxx 131 
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after the cessation of the injection of large amounts of oestrin, possessed a sugar 
content (total reduction) of 17-21 %, and an “albumin” content of 17-24% of 
the total dry residue. 

In the present experiments, in vivo synthesis of laotose was re-established in 
the inactive regressing glands of the female guinea-pigs by the stimulus of 
prolactin, though to a very limited extent. The secretion obtained had the 
physical appearance of milk but an abnormally low lactose content. The mam¬ 
mary parenchyma of the glands at the time of injection of the prolactin was 
probably in the intermediate stage of involution, consisting of secreting, regres¬ 
sing and regressed acinar tissue [see de Fano, 1922; Loeb & Hesselberg, 1917], 
Apparently these regressing glands must be subjected to additional influences to 
that afforded by prolactin, before they can again resume either normal milk 
production or the synthesis of lactose in normal quantities. This is probably not 
due to a lack of proliferated alveolar tissue but to the need of most of the acinae 
for additional hormonal stimuli, very likely those of oestrone and progesterone. 
The results obtained by de Fremery, mentioned above, suggest that such may be 
the case, and recently Allen & Heckel [1936] found that oestrin prevents the 
regression of the mammary glands which normally takes place in the pseudo¬ 
pregnant animal and also causes a thickening of the glands (when oestrin injec¬ 
tions are continued after castration) to a stage characteristic of the preparturient 
normal female. 

The results obtained in the present investigation offer additional evidence in 
support of the view that the actual process of milk secretion (and of the con¬ 
comitant lactose synthesis) depends upon the simultaneous action of a number of 
different hormones, rather than being conditioned solely by the action of pro¬ 
lactin. The methods at present in use for the assay of prolactin depend on 
glandular proliferation and upon the quantity and physical appearance of the 
milk and neglect the composition of this induced secretion. Nelson [1936] has 
called attention to the fact that variations between the pigeon “crop-gland” 
unit and the mammary gland “lactogenic” unit for rabbits, may be between 
15~1 to 100-1, with an average of 40-1. The present findings indicate the 
importance of determining the chemical composition of the induced secretion in 
the investigation or assay of the lactogenic property of hormones. 

Summary. 

1. When glucose-galactose mixtures are employed as substrates for lactating 
mammary tissue in vitro the lactose synthesis is not noticeably increased beyond 
that for glucose alone. This result is inconsistent with the view that a rapid direct 
coupling of galactose to glucose in glucosidic-linkage represents the mechanism 
employed by the active mammary gland in the synthesis of lactose. There was no 
evidence of an active /}-galactosidase in preparations of the lactating gland. 
Attempts to obtain non-living preparations able to synthesize lactose from 
glucose, or from a glucose-galactose mixture, were unsuccessful. 

2. The following phosphoric esters, glucose-6-phosphate, fructose-6-phos- 
phate, fructose-1:6-diphosphate, galactose-6-phosphate and phoBphoglyoerio 
acid did not yield increased synthesis of lactose with slices of lactating mammary 
gland in vitro although the slices were active when glucose was the substrate. 
Sodium fluoride (0-04 M) and sodium iodoacetate (0*02 M) inhibit almost com¬ 
pletely both glucose utilization and lactose synthesis by slices of lactating tissue. 

3. The in vivo synthesis of lactose was re-established to a limited extent in 
the inactive regressing mammary glands of female guinea-pigs by the stimulus 
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of prolactin. The induced secretion, slight in amount, resembled milk in its 
physical appearance but possessed an abnormally low lactose content (0-04- 
0*24%). The presence and concentration of lactose, a specific product of the 
lactating mammary parenchyma, indicated to what extent the “lactogenic** 
stimulus was a physiological one. Prolactin, alone, is unable to reinstate normal 
milk production in the regressing mammary gland of the female guinea-pig. 

I wish to take this opportunity to thank Prof. R. Robison for his interest and 
advice during this investigation, and to the Lister Institute for providing labora¬ 
tory facilities. My thanks are also due to Dr Norman Evers, of Messrs Allen and 
Hanbury, Ltd., for generous supplies of prolactin preparations and to Dr M. 
Laskowski for the gift of a kilogram of desiccated anterior pituitary powder. 
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CCLXXXVII. THE IMPORTANCE OF “PANTO¬ 
THENIC ACID” IN FERMENTATION, RESPIRATION 
AND GLYCOGEN STORAGE. 

By ROGER JOHN WILLIAMS, WILLIAM ALLISON MOSHER 
and EWALD ROHRMAN. 

(From The Chemical Laboratory, Oregon Stale, College.) 

(Received 22 August 1936.) 

Whilr the primary research dealing with the isolation and chemical char¬ 
acterization of “pantothenic acid” [Williams et al. 1933; Williams & Saunders, 
1934] has engaged our study for some time, we have also carried out certain 
experiments which give a clue as to why this substance is universally present in 
tissues whether of plant, animal or bacterial origin. 

If the yeast with which we have been dealing [Williams et al. 1933] is seeded 
sufficiently heavily into a synthetic medium or better into one containing a very 
little added pantothenic acid, a crop of yeast large enough for experimental use 
may be obtained. Repeated experiments in which such yeast was grown and 
extracted have shown that pantothenic acid is not produced as the yeast grows 
(slowly), but on the contrary the yeast crop and medium after growth together 
seem to contain somewhat less pantothenic acid than was present before growth 
took place. Yeast grown under such conditions may have a pantothenic acid 
content as low as 2% of that present in “normal” yeast. 

This yeast is almost lacking in fermenting power as compared with yeast 
grown under favourable nutrient conditions. It is capable of bringing about a 
much increased fermentation, however, if a minute amount of a pantothenic 
acid preparation is added directly to the sugar solution in which the yeast is 
suspended. Under these conditions yeast multiplication does not take place as 
determined by our thermocouple method [Williams et al. 1929], 

The results of a 21-hour fermentation are indicated in Table I. With cruder 
pantothenic acid preparations similar results were obtained. The largest amount 
of pantothenic acid added in this particular experiment was evidently an over¬ 
dose. It is many times that which would be present in 80 mg. of yeast grown 
under ordinary conditions. 


Table I. Effect of •pantothenic acid on fermentation. 




Pantothenic acid 

Volume CO, 

Weight of yeast 
(mg-) 

Sucrose solution 
(ml.) 

preparations 
aaded (y) 

produced 

(ml.) 

80 

25 

0 

01 

80 

25 

1 y (2 units) 

045 

80 

25 

10 

1*00 

80 

25 

100 

0*56 


An even more striking increase in the fermenting power of this deficient 
yeast was obtained when a cold water extract of fresh yeast (Fleischmann’s) 
plus a pantothenic arid preparation were together added to the fermentation 
mixture. The effect of this addition, which was also noted when glucose was the 
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substrate used, is not always uniform. It is well known from the researches of 
Euler and others that at least one agent other than the classical enzyme and 
coenzyme is involved in the fermentation process. Our experiments clear up 
this complex situation only to the extent of demonstrating that pantothenic 
acid is an indispensable factor. 

The aerobic respiration of the deficient yeast is also very low as compared 
with that of normal yeast. The rate is increased only very little when panto¬ 
thenic acid is added directly to the yeast after it is grown, but yeast grown with 
a good supply of pantothenic acid respires much more rapidly than the deficient 
yeast, which is grown under otherwise identical conditions. These experiments 
seem to point unmistakably to the conclusion that pantothenic acid is necessary 
for carbohydrate utilization whether aerobic or anaerobic. 

We call attention to the fact also that in alfalfa seedlings stimulated in 
growth by pantothenic acid [McBumey et al. 1935] the amount of carbohydrate 
was about doubled whereas the nitrogenous constituents were not increased at 
all, again indicating a relationship of pantothenic acid to carbohydrate meta¬ 
bolism. 

Finally we cite the recent experiments of Me Anally & Nmedley-MacLean 
[1935] in which it was shown that glycogen storage in yeast is greatly aided by 
maltose. From our previous experience with maltose and from experiments 
carried out since the above paper was published it is clear to us that maltose as 
such is probably not the active agent which promotes glycogen storage but that 
pantothenic acid is at least one of the factors involved. That maltose (as pur¬ 
chased) is always effective, and sometimes exceedingly so, in stimulating yeast 
growth is shown by the following series of results when the 2 % sucrose in our 
ordinary medium [Williams & Saunders, 1934] is replaced by different brands of 
maltose. 

Table II. Different samples of maltose as yeast stimulants. 

Yeast crop 
(duplicates) 


Sugar used mg./ml. 

Sucrose, Baker’s C.P. 0*020 

0010 

Maltose, tech. Difco 0 040 

0039 

Maltose, tech. Pfanstield 0*55 

0-57 

Maltose, Difco, recrystallized and dialysed 0 0375 

0-038 

Maltose, Difco, twice reervstallized and dialysed 0*025 

0*027 

Maltose, Difco, “standardized” 0*0325 

0*0330 

Maltose, electrically purified (see below) 0*015 

0014 


In another experiment Eastman’s maltose was shown to be about on a par 
with the **standardized” Difco brand. The electrically purified sample was 
purified exhaustively by fractional electrical transport [Williams, 1935] and 
is a product such as is not obtainable otherwise. Its response shows that maltose 
itself is somewhat less effective as a carbohydrate source than high grade sucrose. 

To show that the electrolytic treatment actually removed pantothenic acid 
from the maltose (Eastman brand 5*0 g.) the results in Table III are cited. It is 
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Table III. Electrolytic purification of maltose. 

Yeast crops 

Sugar used 

(mg./ml.) 

Maltose, Eastman 

0*040 

0*039 

Same purified electrolytically 

0*0125 

0*0125 

Cell I, electrolytic system pH 3 

0*375 

1/8 of cell contents used 

0*375 

Cell II, electrolytic system pH 4 

0*475 

1/8 of cell contents used 

0*475 


characteristic of pantothenic acid to migrate to the position where it migrated 
in this experiment. 

We have tried four different samples of maltose and have found that all of 
them contain pantothenic acid in very appreciable amounts. From a considera¬ 
tion of the sources and the methods of preparation and purification of maltose 
it is not surprising that this is true. The fact that maltose contains pantothenic 
acid and that its removal (by electrolytic transport) leaves maltose which is not 
effective in yeast growth stimulation led us, with other facts, to suspect that 
maltose itself does not promote glycogen storage as observed by McAnally & 
Smedley-MacLean but that pantothenic acid is a factor in bringing about this 
result. In order to investigate this possibility the experiments summarized 
below were carried out using the methods of the above authors. 

These investigators do not give definite information as to the ratio of the 
weight of yeast used to the volume of the solution in which it was incubated. 
They do, however, indicate that 2 g. of yeast were incubated in 125 ml. in a 
fermentation experiment. In order to obtain results which might be on the same 
basis as theirs we incubated 200 mg. of yeast in 12*5 ml. of solution. The smaller 
amount was used because of the greater ease involved in making the deter¬ 
minations and the smaller supply of maltose required. The electrolytic purifi¬ 
cation of large amounts of maltose is time-consuming. 

The yeast used was a Munich bottom yeast obtained from the Salem (Oregon) 
Brewery Association. The yeast was freed from the last trace of wort by sus¬ 
pending in a large volume of water and centrifuging; this procedure was repeated 
eight times. The sugar solutions were made up of such concentration that, after 
the addition of the phosphate and pantothenic acid solutions, a 5% concen¬ 
tration of sugar was obtained. The dosage of pantothenic acid was 4 y per 
sample indicated. This is about twice the amount contained in 0*6 g. of East¬ 
man’s maltose. The phosphate concentration was 0*1 %, the same as used by 
McAnally & Smedley-MacLean. Four incubation tests were run with each sugar; 
two were used to determine the total carbohydrate of the yeast and two for the 
glycogen, using the method of Mayer. Bertrand’s method was used in all sugar 
determinations. 

All values in Table IV are in g. of sugar as glucose per 10 g. of original moist 
yeast. The descriptions given of the media used are self-explanatory. The 
abbreviation P.A. stands for pantothenic acid. The yeast was incubated for 
48 hours at 30°. 

From the evidence presented it is clear that pantothenic acid is an important 
factor in the storage of glycogen as well as being effective in increasing the total 
carbohydrate content of the yeast. 

We realize, however, that different strains of yeast, though sim£t$r in nature, 
often present marked differences in behaviour. In order to make our conclusions 
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Table IV. 


No. 

Medium 

Total 

carbohydrate 
(g. glucose per 

10 g. original 
yeast) 

Glycogen 
(g. glucose per 
10 g. original 
yeast) 

0 

Water (distilled) 

0-45 

0-214 

0 

»* 

0-45 

0-214 

1 

Glucose (Merck) 

0-945 

0-228 

2 

if 

0-945 

0-292 

3 

Glucose + P0 4 

107 

0-349 

4 

»» 

109 

0-302 

5 

Glucose -t- P.A. 

1-00 

0-362 

6 

»» 

1-045 

0*332 

7 

Glucose + P0 4 + P.A. 

1*15 

0-382 

8 

»» 

Ml 

0-363 

9 

Maltose (electrolytically purified) 

0-935 

0-271 

10 

» »» 

0-910 

0-258 

11 

Maltose + P0 4 

1-06 

0-338 

12 


1-07 

0-347 

13 

Maltose + P.A. 

1-02 

0-337 

14 

»* 

1-045 

0-331 

15 

Maltose + P0 4 + P.A. 

1-08 

0-395 

16 

it 

1-08 

0-382 

17 

Maltose (Eastman's) 

1-24 

0-462 

18 

»* 

1-20 

0-462 

19 

Maltose 4- P0 4 

1-35 

0-472 

20 


1-38 

0-485 

21 

Maltose -f P.A. 

1*36 

0-462 

22 

11 

1-33 

0-445 

23 

Maltose + P0 4 + P.A. 

1-40 

0-53 

24 


1-44 

0-505 

25 

Maltose (Pfanstiehl’s) tech. crys. 

1-02 

0-585 

20 

»» ** 

1-00 

0-575 


Original yeast 

0-86 

0-265 


more general we have performed similar experiments using Fleischmann’s 
“XR” yeast instead of the brewer's yeast. The results were of the same order 
and led to identical conclusions. The differences in the values between the two 
yeasts were accounted for by the different initial glycogen contents. 

These results are in line with other direct evidence which we have cited 
indicating that pantothenic acid plays some fundamental role in carbohydrate 
anabolism and catabolism, whether the latter is aerobic or anaerobic in nature. 
It is interesting in this instance to recall that the pantothenic acid concentration 
in mammalian tissue is the greatest in the liver and red striated muscle [Rohr- 
man et al. 1934]. This is a suggestive fact as these tissues are pre-eminently 
involved in glycogen deposition. 
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4-CARBON DICARBOXYLIC ACIDS 
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The oxidation of dicarboxylic acids in muscle was studied by Battelli & Stern 
[1911; 1914], Thunberg [1918; 1923] and other workers, whiist Einbeck [1913; 
1914] demonstrated the presence of succinic and fumaric acids in perfectly fresh 
muscle tissue. 

The dynamic part played by these acids in muscle respiration was first studied 
by Mrs Needham [Moyle, 1924; Needham, 1927] who followed the changing 
concentrations of succinic, fumaric and malic acids in muscle under various 
conditions, finding that the total concentration of these acids rises in anaerobiosis 
and falls on oxygenation, and that the succinic acid maximum is renewed under 
anaerobic conditions from some source other than fumaric and malic acids. 

An increased oxygen uptake on addition of fumaric acid to muscle after 
various degrees of washing was demonstrated by several workers [Thunberg, 
1909, 1911; Meyerhof, 1919; Gronvall, 1924] and Gozsy & Szent-Gyorgyi [1934] 
also observed that the increased oxygen uptake after addition of fumaric acid 
to minced muscle tissue was inhibited by malonic acid. From these and other 
observations Szent-Gyorgyi et al. [1935] formulated a theory which, in its final 
published form, assigns to fumaric acid the role of an essential catalytic link in 
the chain of reactions which composes the chief respiratory system of muscle. 
Szent Gyorgyi et al. suggest that, in this system, the fumaric acid is oxidized by 
the Warburg-Keilin system to oxaloacetic acid and that this is reduced by the 
substrate dehydrogenase systems plus substrates to succinic acid which becomes 
reoxidized to fumaric acid. 

In an attempt to confirm this theory the present experiments were divided 
into two sections. 

(а) With unwashed tissue. Respiration experiments were carried out, a known 
quantity of fumaric acid being added to the suspension fluid of the tissue in some 
cases, but not to the controls. Accurate methods of estimation of small quantities 
of fumaric acid and its possible oxidation and hydration products were found and 
an attempt was made to draw up a balance sheet for each experiment showing 
the oxygen used in respiration, the fumaric acid remaining and the succinic, 
oxaloacetic, pyruvic and malic acids produced. Thus it could be seen whether any 
actual disappearance of fumaric acid occurred, or whether the acid was present 
at some stage of the fumarate-oxaloacetate-succinate-fumarate cycle, or as the 
hydration product malic acid. 

(б) With washed tissue . Experiments were done in which cozymase, fumaric 
acid and a substrate were added to the washed tissue. Estimations were carried 
out as before, and a balance sheet was drawn up to see whether the fumaric add 
was catalysing the oxidation of the added substrate or merely itself being 
consumed as a substrate for oxidation, 

1 Bathurst Student, Newnham College. 
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Experimental methods. 

The oxygen uptake was measured in Barcroft manometers, the C0 2 evolved 
being absorbed by frilled filter-papers soaked in 5% KOH. The suspension 
fluid was M phosphate buffer at pH 7, and the solutions of the acids added 
(neutralized with NaOH) were 0*1 M. The volumes of these solutions and water 
put into the vessels of the manometers were such that the final concentration of 
the fluid was 0*099 M, which is approximately isotonic with the muscle; this is 
important as Greville [1936J shows that the respiration of minced muscle varies 
with the tonicity of the suspension fluid. 

The manometers were shaken in a water-bath, the temperature of which was 
thermostatically controlled at 37*5°. 


Preparation of the muscle .. 

(a) Unwashed tissue. The pigeon breast muscle used in these experiments 
was prepared according to the directions given by Szent-Gyorgvi et aL [1935], 
everything being done as rapidly as possible after death and all the implements, 
vessels and solutions used being ice-cold. Three methods of weighing out the 
minced tissue were tried, and the following proved most satisfactory, allowing 
for the greatest 8|)eed in preparation of the tissue: 4g. of the minced muscle 
were weighed out and transferred to an ice-cooled mortar in which they were 
mixed carefully with 26 ml. of buffer. The suspension w r as rapidly stirred and 
3 ml. (containing 0*4 g. of muscle) were pipetted into each manometer vessel. 

(b) Washed tissue . The breast muscle was prepared as before and the 4 g. of 
muscle w T ere transferred to a flask and shaken vigorously with twenty times the 
volume of ice-cold distilled water. After 2 min. shaking the suspension was 
filtered through muslin and squeezed well. The muscle was returned to the flask 
and shaken with a fresh volume of ice-cold water, being allowed to stand for 
5 min. in ice before filtration and squeezing. The washed tissue so obtained 
was transferred to a mortar, suspended in buffer and pipetted out into the 
manometer vessels in 3 ml. amounts as above. 

Solutions to be added to the respiring tissue after equilibration of the mano¬ 
meters in the water-bath were put either into a side-tube of the manometer 
vessel or into a Keilin cup suspended in the vessel. The final volume of the 
suspension plus all additions was 4 ml. and a similar volume of buffer was put 
into the other cup of the manometer. 

In early experiments the vessels were filled with air, but in more recent ones 
the apparatus was evacuated and filled with oxygen. Duplicate experiments 
were run simultaneously in every case, each duplicate consisting of three mano¬ 
meters with fumarate added to the respiring muscle and one without addition 
which acted as a control. Measurement of the rate of respiration was started 
20 min. after death with unwashed tissue. The experiments were run for times 
varying from 1 to 2 hours. 

At the end of the respiration experiments the vessels were detached from the 
manometers and the muscle was immediately precipitated by the addition of 
0*8 ml. of 20% trichloroacetic acid (rendering the total concentration of tri¬ 
chloroacetic acid 4%). The filter-paper was removed from the central cup of the 
vessel and any remaining potash was blotted up with strips of dry filter-paper. 
The contents of the three vessels of each duplicate experiment, containing 
additions of fumarate or fumarate plus other substrate, were filtered together 
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through a small filter-paper into a glass evaporating dish, whilst the contents of 
the vessels containing the control muscle from eaoh set of duplicates were also 
filtered together. The vessels were carefully rinsed with successive small quan¬ 
tities of 2 % triohloroacetic acid which were then used to wash the muscle on the 
paper. The muscle was also ground up in a mortar with 2 % trichloroacetic acid, 
being refiltered on the same paper. The final volume of the fluid in the evapo¬ 
rating dish after intensive washing of the vessels, mortar, muscle and paper, 
was about 30 ml. This was then used for the estimations described below. 

The amounts of dicarboxylic acids and others to be estimated were generally 
between the limits 0*1-6 mg., as 2 mg. of fumaric acid were added to 400 mg. 
of tissue. Experiments were done to test each method, using the concentrations 
of the particular acid ranging between the limits, adding it to 0*4 g. of the minced 
muscle in phosphate buffer and proceeding as in the experiments above after 
measurements of the respiration. Results showed that the methods used were 
accurate to a degree which allowed the amounts of substances estimated after 
respiration experiments to be regarded as significant. 

Estimation of the dicarboxylic acids. 

The method used was a modification of that described by Needham [1927]. 

(a) Fumaric and succinic acids. The trichloroacetic acid extract from the 
muscle was evaporated on a boiling water-bath until the volume was reduced to 
less than 10 ml. This was transferred to a separating funnel and the evaporating 
dish was rinsed out with a few ml. of distilled water which were added to the 
bulk of the fluid. Four successive extractions with dry ether were made, the 
volumes used being 20, 15, 20 and 15 ml. The ether and fluid were shaken 
vigorously for 2 min. during each extraction and, after separation, the ether 
was filtered through a dry pleated filter-paper into a flask containing 5 ml. of 
distilled water, and the ether was distilled off. A drop of phenol red was added 
to the remaining solution and N NaOH was run in to bring its pH to 8 (deep 
pink tg phenol red). 0*2 ml. of 25% barium acetate solution was added to 
precipitate any phosphate which had been extracted by the ether, the solution 
was transferred to a centrifuge-tube and the precipitate was spun down. The 
centrifugate was filtered through a small paper into a glass dish containing a few 
drops of dilute nitric acid to bring the pH of the filtrate just to the acid side 
(otherwise a film of barium carbonate formed on the surface and interfered with 
the silver precipitation). The precipitate in the centrifuge-tube was washed with 
successive small volumes of slightly alkaline distilled water (pink to phenol red) 
which had already been used to wash out the flask in which precipitation had 
occurred, and these washings were also filtered through the paper into the dish. 
The final volume was 20 ml. and to this 10 ml. of 97 % alcohol were added. The 
pH was brought to 7 (orange to phenol red) and 2 ml. of 10% silver nitrate 
solution were added to precipitate the dicarboxylic acids present. The precipitate 
was allowed to stand for 5 min. to flocculate and then filtered through asbestos 
on .a Gooch crucible. The dish was washed out with 15 ml. of 30% alcohol 
and the washings were filtered through the crucible. This was repeated several 
times. The asbestos mat was carefully detached with a glass rod from the crucible 
and transferred to a glass dish where it was suspended in a few ml. of very dilute 
nitric acid. The sides of the crucible were washed with a little more of the acid 
which was added to that in the dish. The suspension was titrated with 0*01 M 
potassium thiocyanate solution, iron alum in nitric acid being used as external 
indicator. 
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Test for accuracy of method. 

I 2 3 

Fumaric acid added to muscle (mg.) (04 g. of 3*03 2*02 0*5 

muscle in each of 3 cups) 

Fumaric acid found (after subtraction of amount 3*04 2*00 0*51 

of dicarboxylic acid already in muscle) 

(6) Malic acid . The trichloroacetic acid extract (remaining after ether extrac¬ 
tion) and the titrated alcoholic solution were each evaporated down to a small 
volume, neutralized to litmus with NaOH and made up to 8-4 ml. with distilled 
water in a graduated tube. The optical rotation of the solutions was measured 
with sodium light and each solution was evaporated to 4 ml. 4 ml. of a 14-2 % 
ammonium molybdate solution and 0*4 ml. of glacial acetic acid were added, 
the solutions thoroughly mixed and allowed to stand in the dark for 2-3 hours 
[Auerbach & Kruger, 1923]. The rotation was again measured and the amount of 
malic acid was calculated as, under these conditions, the rotation changes 
0*21° for each mg. of malic acid in the solution. 


Test for accuracy of method. 



1 

2 

3 

Malic acid added to muscle (mg.) (0 4 g. of 
muscle in each of 3 cups) 

1-60 

10 

0-50 

Increase in rotation 

0*34° 

0 -22° 

011 ° 

Malic acid estimated (mg.) (after subtraction of 
amount already in muscle) 

1*65 

104 

0-50 

(c) Pyruvic and oxaloacetic acids. These acids were at first both estimated in 


the form of pyruvic acid, as Clift & Cook [1932, 2] showed that oxaloacetic acid 
and its 2:4-dinitrophenylhydrazone are decomposed quantitatively to the corre¬ 
sponding pyruvic acid and derivative when heated on a boiling water-bath. If 
the amounts of pyruvic acid found in the experiments were appreciable, a 
differentiation between the two acids would have been made in later work by the 
method of Ostem [1933] which estimates oxaloacetic acid only. The method of 
estimation of the pyruvic acid adopted was Szent-Gyorgyi’s modification of the 
method of Case [1932] which is fully described by Needham & van Heyningen 


[1935]. 

Test for accuracy of method. 




1 

2 

3 

Pyruvic acid added to muscle (mg.) (04 g. of 
muscle in each of 3 cups) 

2 '2o 

105 

0-75 

Pyruvic acid found (mg.) (after subtraction of 
any present in muscle) 

2-25 

101 

075 


(d) Lactic acid. Lactic acid was estimated by the method of Friedemann & 
Graeser [1933], the soluble carbohydrate being removed from the trichloroacetic 
acid extract by precipitation with copper sulphate and calcium carbonate. 

(e) Detection of the fumaric acid in the presence of S'uccinic acid . The dicar¬ 
boxylic acid remaining after the experiments was shown to be fumaric acid by 
incubation with an enzyme preparation (kindly supplied by Dr D. E. Green) 
whioh distinguish es between fumaric and succinic acids. Details of this prepara¬ 
tion and its mode of action are now in the press. 
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Experimental results. 


(a) In the respiration experiments with unwashed tissue the contents of the 


manometer cups were : 


Experimental cups 
Control cups 


Buffer 

Fumarate 

solution 

Water 

Muscle 

ml. 

ml. 

ml. 

g* 

2*0 

0-2 

0*8 

0*4 

2-8 

— 

0*8 

0*4 


The oxygen uptake varied with the individual pigeons but the duplicates and 
controls agreed well. It appeared from the results of all experiments that, with 
phosphate buffer as suspension medium, the addition of 2-4 mg. of fumaric acid 
to 0-4 g. of minced muscle produced a stimulation of respiration, that of the 
muscle with added acid being always higher than that of the control from the 
beginning of the experiment (Fig. 1). 



Fig. 1. 0 2 uptake of minced muscle with and without added fumarate. A, a — m, with added 
fumarate; B, •—•, control without added fumarate. 

Fig. 2. O t uptake of washed minced muscle with addition of fumarate, lactate and fumarate plus 
lactate. A, • —•, with added fumarate; B, a—a, with added lactate; C\ m —«, with added 
fumarate plus lactate; D , o—o, control without addition. 


A similar effect was observed in experiments where 2-4 mg. of succinic acid 
were added to 0*4 g. of muscle under the same conditions. 

Estimation of the fumaric and succinic acids remaining both in the experi¬ 
mental muscle and in the control showed that there was always a definite 
disappearance of some of the fumaric acid added to the experimental muscle. 
Estimations of the malic acid were carried out in each experiment to see if the 
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fumaric acid was to be found in this form. It was discovered that the amount of 
malic acid formed depended on the oxygenation of the tissue during the experi¬ 
ment, as practically no malic acid was found in samples taken from vessels filled 
with oxygen, whereas an appreciable quantity was found in those from vessels 
filled with air. When the fumaric acid equivalent of the malic acid found was 
added to the amount of fumarate estimated, there was still a deficit. 

It was thought that the missing fumaric acid might be found in the form of 
the other two links of Szent-Gyorgyi's suggested cycle. If it had been present as 
succinate it would have been estimated with the fumaric acid in the silver pre¬ 
cipitation method. The other possibility was oxaloacetic acid. It had been shown, 
in some early experiments in which the minced muscle was incubated aerobically 
with fumarate?, 0*02 M arsenite solution, bisulphite and phosphate buffer, that a 
bisulphite-binding compound was formed in the flask containing added fumarate 
in excess of that in the flask containing control muscle. (Estimations of this 
bisulphite-binding compound were done by the methods of Clift & Cook [1932,1] 
and of Case [1932].) Preliminary estimations of the oxaloacetic and pyruvic acids 
in the form of the 2:4-dinitrophenylhydrazone were therefore made on the 
trichloroacetic arid extracts from respiration experiments. The amounts of 
pyruvic acid found in the extracts from muscle with added fumarate were slightly 
in excess of those from the controls (of the order of 0*02 mg.), but none of them 
was large enough to be significant in the balance sheets. 

It appears therefore that the missing fumarate was not to be found in the 
form of the other substances in the cycle or as pyruvic or malic acid. It is also 
seen, from the experiments with Green’s enzyme preparation, that the remaining 
fumaric acid was present in its original form. The extra oxygen uptake of the 
tissue with added fumarate above the respiration of the control was in no case 
greater than the amount necessary for complete oxidation of the missing fumaric 
acid, but in every experiment there was still a portion of the fumaric acid un¬ 
traced. The fate of this untraced fumaric arid may possibly be explained in the 
light of the experiments with washed tissue (see below). 

Assuming that the extra oxygen was used for complete oxidation of fumaric 
acid, balance sheets of each experiment were drawn up as follows, the results in 
every case being essentially the same: 

Table I. 


(1) With air (2) With oxygen 


Experiment 

(a) 3 cups 

Control 

(b) 3 cups (a) 3 cups 

Control 

(5) 3 cups 

Fumaric acid added (mg.) 

fv73 

— 

5*73 

6-26 

— 

6-26 

Fumaric acid 
estimated (mg.) 

1-59 

0*45 

1*61 

2-56 

0*41 

2*37 

“Extra fumarie add” 
(above control) 

1*14 

— 

1*16 

2*15 

— 

1*96 

Oxygen uptake (pi.) 

2CH14 

1416 

2053 

4192 

3045 

4180 

Fumaric acid—of 
“extra oxygen” (mg.) 

M2 

— 

M 

1*97 


1*96 

Fumaric acidsof 
malic acid (mg.) 

164 

— 

1*65 



0*12 

Total “extra fumaric 
add” (mg.) 

3*9 

— 

3*91 

4*12 

■ ■ 

404 

Fumaric acid 
unaccounted for (mg.) 

1*83 

— 

1*82 

2*14 

**— 

2*22 
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(6) In the respiration experiments with washed tissue the manometer 
vessels contained: 



Cozymase 

Buffer 

Fumarate 

solution 

Lactate 

solution 

Water 

Muscle 

Cup. 

ml. 

ml. 

ml. 

ml. 

ml. 

g* 

(1) & (2) 

0*3 

2-3 

0-2 

0-2 

0-6 

0-4 

(3) &, (4) 

0-3 

2-5 

0-2 

— 

0*6 

0-4 

(5) & (6) 

0*3 

2-5 

— . 

0-2 

0-0 

0-4 

(7) & (8) 

03 

2-7 

— 

— 

0*6 

0-4 


The oxygen uptake was measured as before, and in every experiment it was 
found that the respiration with added fumarate was greater than that with 
added lactate (see Fig. 2). 

Balance sheets were drawn up as before (Table II) and from these it can be 
seen that, in these concentrations, the fumaric acid is always used in preference 
to the lactic acid unless there is an added excess of lactic acid. 


Table II. 


Cups 

(1) & (2) 

(3) & (4) 

(5) & (6) 

Controls 

Fumaric acid added (mg.) 

404 

4-04 

— 

— 

Fumaric acid found (mg.) 

2-10 

1*99 

0-44 

0-19 

“Extra fumaric acid” (mg.) 

1*01 

1-80 

0-25 

— 

Lactic acid added (mg.) 

3-76 

— 

3-76 

— 

Lactic acid found (mg.) 

5*11 

1*77 

3-83 

1-23 

“Extra lactic acid” (mg.) 

3*07 

0-54 

3-83 

— 

Oxygen uptake (pi.) 

743 

754 

520 

421 

Fumaric acid=of extra O s (mg.) 

0-56 

0-57 

— 

— 

Fumaric acid=of malic acid (mg.) 

0-4 

0-3 

— 

— 

Lactic acid=of extra 0 8 (mg.) 

— 

— 

0-13 

— 


(c) Experiments were also carried out in which 2 mg. of pyruvic acid were 
added to 0*4 g. of muscle to see if this would be oxidized as rapidly as fumaric 
acid and therefore constitute an intermediary product in the path of oxidation. 
In this concentration, however, pyruvic acid depresses the respiration of the 
minced muscle. 

Discussion. 

The above results (see Tables I and II) appear to indicate that fumaric acid 
added in the concentrations specified is utilized as the chief substrate for oxida¬ 
tion by the minced muscle. There is no evidence that fumaric acid in this 
concentration is acting as a catalyst for transference of oxygen to some other 
substrate in the muscle, as the missing fumaric acid is not to be found either as 
succinic or oxaloacetic acid, which are the other two links postulated in the 
cycle. The amount of fumaric acid added in each oase was slightly less than that 
which Szent-Gyorgyi considers essential for prevention of diffusion of the muscle’s 
fumarate into the surrounding medium and for the maintenance of the cycle. 
The effect obtained in phosphate buffer was that of raising the respiration rather 
than conserving it (see Fig. 1), and this does not agree with the results of Banga 
[1935], but does agree with the idea that the fumaric acid is being used as sub¬ 
strate rather than a catalyst for preservation of respiration. 

The estimation of malic acid occurring in the tissue incubated with fumaric 
acid appears to indicate that the amount formed depends on the conditions of 
incubation. In oxygen no malic acid was found, whereas in air quite appreciable 
quantities were detected, although these did not appear to have any fixed re¬ 
lationship to the amount of fumaric acid present. Szent-Gyorgyi et al., and 
originally Clutterbuck [1927], found that a ratio of fumarate: malate of 1: 3 was 
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obtained in their experiments with muscle, but the above results indicate that 
this equilibrium cannot be applied indiscriminately to experiments under 
differing aerobic conditions. As, however, in the present case, both the fumaric 
and malic acids were estimated by separate methods, it was unnecessary to use 
the method of Szent-Gyorgyi et ah of multiplying the fumarate estimated by four 
to obtain a true “fumarate” value. The observation that malic acid does not 
accumulate under good aerobic conditions is in agreement with Needham [1927] 
who used succinate and obtained no accumulation of malic acid in well aerated 
muscle. 

The slight increase in the amounts of oxaloacetic and pyruvic acids in muscle 
incubated with added fumaric acid was not large enough to be significant in the 
balance sheet, but it did indicate that the oxidation of fumaric acid might be 
through the path of oxaloacetic and pyruvic acids, or that the Szent-Gyorgyi cycle 
was working at a much smaller concentration of the various acids than he con¬ 
siders necessary in the muscle. The belief that oxaloacetic or pyruvic acid is an 
intermediary in the path of oxidation of fumaric acid was substantiated by the 
experiments of incubation of minced muscle with added fumarate in the presence 
of arsenite and bisulphite aerobically, when a bisulphite-binding compound was 
formed. 

The depression of respiration by pyruvic acid in the concentration used has 
also been noted by other workers [Elliott, 1935], but this does not rule out pyruvic 
acid as an intermediary, as it is probable that the tissue is still capable of dealing 
continuously with small quantities of the acid as formed from precursors in the 
muscle. 

The experiments with washed tissue and added lactate and fumarate reveal 
that fumaric acid in any appreciable concentration appears to spare other sub¬ 
strates even if these are present in equal concentration. It therefore appears 
probable that the fumaric acid unaccounted for in the experiments with unwashed 
tissue was used in preference to some other substrate oxidized by the control 
muscle. 


Summary. 

1. Methods of estimation of the various dicarboxylic acids involved in these 
experiments were worked out. 

2. The addition of 2 mg. of fumaric acid to 0-4 g. of minced pigeon breast 
muscle suspended in phosphate buffer (pH 7) causes an elevation of the respira¬ 
tion above that of the tissue without addition. During this increased respiration 
some of the added fumaric acid disappears. 

3. Estimations of oxaloacetic and pyruvic acids show a very slight rise in 
concentration after incubation of minced muscle with fumaric acid in oxygen. 
This may be due to the path of oxidation of fumaric acid being through 
oxaloacetic or pyruvic acid. 

4. Estimations of malic acid indicate that the amounts of this substance 
accumulating in minced muscle with added fumaric acid depend on the degree of 
oxygenation during incubation. 

5. It therefore appears that, under the conditions of the experiments and 
with the concentration of fumaric acid used (which is that suggested by Szent- 
Gyorgyi et al. as essential for maintenance of the level of fumaric acid in muscle 
for correct working of the catalytic cycle), the extra oxygen uptake is in no case 
greater than can be accounted for by oxidation of some of the fumaric acid 
which disappears. 
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6. From experiments with washed tissue it is seen that fumaric acid is 
oxidized in preference to lactic acid in an equivalent concentration. 

7. The above results suggest that, under these conditions, fumaric acid is 
being utilized as a substrate for respiration and not as a catalyst for transference 
of oxygen to other substrates in the muscle. 

I wish to thank Dr D. M. Needham for suggesting this work and for much 
help and advice during its progress. 1 am also grateful to Dr M. Dixon for advice 
on practical details. 
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CCLXXXIX. THE EFFECT OF HALOGEN SALTS 
ON SALIVARY AND PANCREATIC AMYLASE. 


By WINIFRED MARY CLIFFORD. 

From the Physiology Department, King's College of Household and Social 
Science , Campden Hill Road, W. 8 . 

(Received 22 September 1936,) 

Is a previous paper [Clifford, 1925] an account was given of the effect of some 
halogen salts on the rate of salivary digestion. At that time the author had not 
realized the important part played by salt concentration in enzyme action, and 
therefore the results referred to one strength of halide only. The present paper 
is a continuation of this work using varying concentrations of salts and both 
salivary and pancreatic amylases. 

The importance of amount of salt in amylase action has been shown by 
Omari [1931] and by Ainbard & Trautmann [1933] who state that amylase is 
fixed to starch proportionately to the amount of NaCl present. McClure [1933] 
again quotes a statement that the activity of the amylase of potato is increased 
by solutions of NaF up to 1/1*75 M. 

Experiments were therefore undertaken to determine the effects of various 
halogen salts on amylolytic action. 

Experimental. 

The method used was based on the time taken by a digestion mixture of 
starch, salt and enzyme to reach the achromic point with iodine. 

10 ml. of 0*5 % soluble starch solution and 2 ml. of distilled water or halogen 
salt of requisite strength were warmed in a test-tube to 37°. 1 ml. of amylase 
solution was then added, the tube inverted to mix and a stopwatch started. 
At intervals 5 drops of the mixture were placed in 2 ml. of iodine solution 
(2 ml. N/2 0 I made to 300 ml. with distilled water) until no colour change 
resulted. 

The average time taken to reach this achromic point by a series of six tubes 
was taken as that for any given concentration of salt. In no series was the 
variation greater than 10 sec. unless the time taken was above 15 min. when 
differences of 30 sec. were sometimes met. 

The amount of halogen salt varied so that the final concentration in the tube 
ranged from 0*2 M to 0*000008 M , each dilution being half the previous one. 

The source of pancreatic amylase was a 0*3 % solution of commercial pancreas 
substance, and for ptyalin saliva was collected directly into distilled water as 
described by Cole [1933]. 

Parallel experiments were made with three separate batches of pancreas 
substance and three different samples of saliva. 

The figures given in this paper represent the results obtained with one batch 
of pancreas substance; the results with the other samples were similar in all 
respects, as were those with ptyalin except that with the latter enzyme both 
accelerations and relative inhibitions were slightly less marked. 

Bioohem. 1936 xxx ( 2049 ) 
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Results. 

Fluorides (Fig. 1). 

From Fig. 1 it can be seen that K and NH 4 fluorides exercise an inhibitory 
action on amylase activity, this being specially marked with the NH 4 salt. This 
action continues to a definite concentration below which no effect whatever is 
seen. The Na salt is quite inert at concentrations varying from 0*5 to 0*000008 M . 



Log of molar concentration 

Fig, 1. Fluorides. Higher concentrations KF 10-40 min. Higher concentrations NH 4 F 

no digestion in 4 hr. 



Log. of molar concentration 

Fig. 2, Chlorides. MgCl* 0*5 M 9 min. 38 sec. for digestion. 

•—•—• Li. o-o—o Na. x —— x — x K. NH 4 . 

a— l —a Mg. c--c--c Ca. □—a—□ Ba. 

Chlorides (Fig. 2). 

All the chlorides investigated accelerated diastatic action, this being more 
marked with the Li, Na, K and NH 4 salts than with those of the alkaline earths. 
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In the case of MgCLj a concentration of 0*5 M actually caused inhibition, and 
with the Li, NH 4 and Ca salts solutions of this strength were less powerful 
accelerators than weaker ones. The activating power could be detected in con¬ 
centrations as low as 0*00003 M except with BaCl 2 which, besides being less 
potent at all strengths, showed no effect below 0*0006 M. There was no apparent 
difference of acceleration with concentrations between 0*25 and 0 002 M, but 
below these the action was progressively less marked. 

This is in agreement with Cole [1903] who states that solutions of NaCl 
between concentrations of 0*3 and 0*003 M are equal as accelerators of amylase 
activity. 

Bromides (Fig. 3). 

The results with these salts were similar to those with chlorides, but less 
marked. 

Again the highest concentration of the Mg salt retarded the action of the 
enzyme, and the Ba salt was less potent than any other at all strengths. 



Fig. 3. Bromides. MgBr 2 0*25 M 5 min. 23 sec. for digestion. 

•——• Li. o—o—o Na. x — * — x K. v —v*~v NH 4 . 

a—a—a Mg. Ca. a—a —□ Ba. 

The optimum range of concentration was between 0*125 and 0*0083/ for 
the first four salts; above and below these limits acceleration was less marked. 
With the alkaline earths, the Mg salt gave optimum quickening between 0*03 
and 0*005 M , the Ca salt at 0*5 M with slightly less activity from 0*25 to 0*0063/, 
whilst the Ba salt gave least acceleration of all the salts of this series but acted 
at concentrations of 0*25-0*00063/. 

Iodides (Fig. 4). 

The results with iodides were even more varied than with fluorides. 

Li, NH 4 , Mg and Ca iodides at 0*53/ showed inhibitory actions extending 
over a period of hours. This inhibition could be seen at 0*06 3f with Cal 2 , at 
0*03 M with Lil and Mgl a and at 0*253/ with NH 4 I. 

On the other hand the iodides of Na, K and Ba hastened diastatic activity at 
0*5 Jf. 

132—2 
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At lower concentrations all the iodides hastened the digestion of starch, 
Li, K, Mg and Ca showed effects at 0*0005 M whilst the Na, NH 4 and Ba salts 
were less potent. Again the Ba salt showed the least action. 

From these results it can be seen that all halogen salts (except fluorides) 
quicken the rate of starch hydrolysis by salivary and pancreatic amylases, but 
this acceleration is a function of salt concentration. The effect is greatest and 
shows over the widest range of concentrations with chlorides, the next most 
powerful activators being the bromides. 



O'OQCKil 5 0-00006 0*0002? 0*001 0-004 0*015 0*006 0.25 

Log of molar concentration 

Fig. 4. Iodides. Mgl a 0*00-0*5 M 13 min.-2 hr. 30 min. Cal 2 0*06-0*5 M 12 min. 13 sec.- 

2 hr. 15 min. Lil, 0*3 M 17 min. 10 sec.; above 0*3 M no digestion 2 hr. 40 min. NH 4 I, 

0*4 M partial digestion 4 hrs. 30 min. 

•—•—• Li. o — o — o Na. x—x—x K. v-v-v NH 4 . 

a—a—a Mg. <— c--c Ca. □—□—□ Ba. 

With iodides there is stiff less acceleration of amylase action, and at the 
higher concentrations used there may be complete or relative inhibition. 

Fluorides have never given any acceleration. NaF is completely inert, whilst 
the K and NH 4 salts inhibit at higher concentrations and are inert at lower ones. 

The relative effects of halides in hastening amylase action are therefore in the 
order chlorides > bromides > iodides > fluorides. 

The cation is not without effect since all the alkaline earth salts are less potent 
than those of Li, Na, K and NH 4 and the Ba salt is consistently the least potent 
in the series, whilst the Mg salt in the higher concentrations is more inhibitory 
than either the Ca or Ba salt. 

Summary. 

1. Chlorides, bromides and iodides, of Li, Na, K, NH 4 , Mg, Ca and Ba 
hasten the hydrolysis of starch by pancreatic and salivary amylases. 

2. The relative potencies are in the order chloride > bromide > iodide > 
fluoride. 
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3. Na, K and NH 4 fluorides do not hasten amylolytic action and at higher 
concentrations the two latter salts inhibit. 

4. Li, NH 4 , Mg and Ca iodides inhibit amylase activity at higher concentra¬ 
tions, but accelerate at lower ones. 

5. The Ba halides are less potent in their action on amylolytic activity than 
any other halide investigated. 

The expenses of this investigation were paid from a grant from the Medical 
Research Council. 
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CCXC. THE ASSOCIATION OF XYLAN 
WITH CELLULOSE IN CERTAIN 
STRUCTURAL CELLULOSES. 

By ARTHUR GEOFFREY NORMAN. 

From the Biochemistry Section, Rothamsted Experimental Station. 

{Received 30 September 1936.) 

The cellulose of most plant materials and woods differs from cotton cellulose in 
many respects. In the first place, separation from other cell wall constituents 
can only be achieved by a more or less severe treatment, in contrast to that of the 
cotton hair which can readily be purified. In the second place, the product 
obtained, while consisting mainly of “true cellulose” as typified by that of 
cotton, is not exclusively so, and contains also other polysaccharides, intimately 
associated and tenaciously retained. For this group Hawley & Norman [1932] 
have suggested the name “cellulosan ” implying thereby a hexosan or pentosan 
found with the cellulose and held in some way by it. In this paper will be 
described some observations on the celluloses of certain plants, mostly cereal 
straws, which have a high cellulosan content. Attempts have been made by 
chemical means to obtain information as to the relationship between the “true” 
cellulose and associated cellulosans. A parallel investigation, involving the 
X-ray examination of cellulose fibres high in cellulosan, has been carried out in 
conjunction with Mr W. T. Astbury and will be reported later. 

The present concept of the structure of the cellulose molecule has been de¬ 
veloped by a combination of chemical and physical methods, which have shown 
that the peculiar and valuable properties of cellulose are not conferred by its 
molecular size so much as by the state of molecular aggregation in which it 
ordinarily exists. While actual replacement of any of the side hydroxyls in the 
units of the cellulose chain would not affect the strength of the chain longitudin¬ 
ally, the increased separation of the chains by the substitution of larger groups 
for the hydroxyls would tend to weaken the fibrous structure of the aggregate by 
overcoming the secondary valency forces responsible for lateral stability. It is 
stated that nitrocellulose retains its fibrous structure better than the acetate, 
since in the latter wider separation is brought about. In view of these facts, the 
existence of Hgnocellulose or pectocellulose as a definite combination between 
oriented cellulose and lignin or pectin cannot be admitted and the possibility of 
direct combination between cellulose and cellulosans is similarly ruled out. The 
evidence to be presented is in accord with the view that the cellulosan molecules 
participate in the cellulose micellae and crystallites in the same way as do 
the individual cellulose chains. The commonest cellulosan is xylan, though in 
Gymnosperms mannan is characteristic. The xylan from esparto has been shown 
to be a 1:4-anhydroxylose, the xylose units being of the normal amylene oxide 
type [Hampton et al., 1929]. A terminal group of l-arabinose has also been de¬ 
tected in this particular case [Haworth et al. 1934]. The xylan unit therefore 
differs from the glucose unit in cellulose only in that the terminal oarbinol group 
is missing. Such units are of the same size and would occupy the same space 

( 2054 ) 
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longitudinally. The mannan formed in the cellulose from Gym nosperms has not 
been investigated, but by analogy is likely to be also a l:4-anhydrohexose and, 
therefore, sterically similar in size to the cellulose and xylan with which it is so 
intimately associated. 

The cellulosans are probably laid down with the cellulose as it is formed and 
participate in the oriented bundles of molecules that form the micellae of the 
fibres. They would be retained by secondary valency forces just as the cellulose 
chains are themselves stabilized in that way. Because of the absence of a pro¬ 
jecting carbinol group, in the case of xylan at least, these forces might be ex¬ 
pected to be less powerful than those between the cellulose molecules themselves. 
Some evidence will be presented later on the relative rates of removal of xylan 
and mannan from natural celluloses containing both. Further, the molecular 
size, or rather the length of the chain of sugar units, is considerably less in the 
case of the cellulosans than in cellulose itself. As a result of their retention by 
secondary valencies weaker than those between the cellulose chains and of their 
smaller molecular size they might be expected to be extractable, if with some 
difficulty. The actual form of participation of the cellulosans in the micellae is, 
at present, a matter of speculation. They undoubtedly form a normal integral 
part of the cellulosic structure of the plant cell wall and fibres, and any study of 
natural celluloses should include this group in as unchanged a condition as 
possible. 

Preparation of cellulose. 

Norman & Jenkins [1933] described a method for the determination of cellu¬ 
lose which could readily be adapted for large-scale preparations. Previously 
chlorinations for the removal of lignin have been carried out by some modifica¬ 
tion of the original procedure of Cross & Bevan [1918] employing gaseous chlorine, 
by which means it is impossible on a laboratory scale to treat more than a few 
g. at a time. By the use of dilute hypochlorite solutions quantities up to 1 kg. 
may be readily treated. Six or seven treatments are required for such materials 
as cereal straws in bulk and rather more for woods. The final washing must be 
continued until no trace of sulphite is detectable in the filtrate. 


A. Effect of heat on cellulose preparations. 

Cellulose preparations containing eellulosan undergo an irreversible change 
on oven-drying, as a result of which a fraction becomes soluble in hot water. If 
this be removed and the preparation again oven-dried, a further but smaller 
fraction can be extracted. This process can be repeated apparently indefinitely. 
Fig. 1 shows the losses from a sample of oven-dried wheat straw cellulose on 
boiling with water, the cellulose being oven-dried overnight between each 


Table I. Extraction of wheat straw cellulose , wet and oven-dried. 


Initial furfuraldchyde yield 13*88%, equivalent to 21*59% xylan. 


Treatment 

3*0% Na*S0 8 2 x 20 min. hot 
0*25% NaOH 1 hour hot 
1*0% NaOH 1 hour hot 
4*0% NaOH 3 hours cold 
0*25% H*S0 4 1 hour hot 
2*5% H t S0 4 1 hour hot 


Total loss % Loss of xylan % 

_ A 


r- A 

- ^ 

( - A - 

-\ 

Wet 

Dry 

Wet 

Dry 

5*0 

7*0 

M 

2-8 

11*7 

19*0 

3*3 

0*0 

17*5 

22*0 

54 

7-2 

18*8 

22*5 

13*2 

16*4 

9*4 

11-7 

4*7 

6*2 

11-9 

15*6 

7*7 

10*4 
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treatment. After the fifth extraction the xylan content of the reBidue was deter¬ 
mined. Whereas the aggregate loss was 18-8 % the xylan removed accounted for 
only 8*9 %, or about half. 

The effect, therefore, is not solely concerned with the cellulosan fraction. 
Further, the effect of heat-drying also renders the cellulose preparations more 
susceptible to extracting and hydrolysing agents, as shown in Table I in which 
the losses from wet and dried preparations are compared. Again, the differences 
are not wholly due to an effect on the xylan, and must arise in part from a 
change in properties of a portion of the “true” cellulose fraction. 

To determine whether this effect is due to the removal of water in drying or 
the application of heat, or both, a large batch of oat straw cellulose was sub¬ 
divided and dried in different ways. These samples were then extracted by 


Number of treatments Number of treatments 



boiling with water for 15 min., and since the effect of certain initial treatments 
was noticed to persist after the first extraction, all the residues after drying for 
16 hours at 100° were twice re-extracted with water and again dried. The results 
are summarized in Table II. 

Exposure to heat seems to be the vital factor in this phenomenon. Whereas 
there was little difference in the material when air-dried, alcohol-dried or dried at 
40°, higher temperatures enhanced the amount of water-soluble material obtain¬ 
able. Air-dried or alcohol-dried samples subsequently exposed to heat were 
similar in properties to those directly given the same heat treatment when wet. 
Wet samples which were alternately rapidly frozen and thawed showed no 
change in properties. 

Results of a similar character were obtained when extracting agents other 
than water, such as dilute acids and alkalis were employed. The effect of ex¬ 
posure to heat results in some modification of the properties of a portion of both 
components of isolated plant celluloses, which is manifest in increased sus¬ 
ceptibility to extracting and hydrolysing agents. Moreover, this effect may be 
demonstrated repeatedly upon the same sample. The increments of water- 
soluble material become smaller, but are still appreciable after many treatments. 
In Fig. 2 the amounts removed from two samples of cellulose alternately 
dried and extracted are shown. Over the first twelve treatments the xylan 
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Table II. Loss on water extraction of oat straw cellulose 
dried by various means . 

All results expressed on basis of 100 g. oven-dried material. 

Total loss 

< - A -' 

Residue from Residue from 
I, dried 16 II, dried 16 

hr. at 100° hr. at 100° 

Extraction Extraction Extraction 


Series 

Treatment of cellulose 

I 

11 

III 

A 

Wet 

4-3 

6-2 

8*7 

B 

Air-dried; room temperature 
(moisture content 7-53%) 

4*7 

6-5 

9*0 

0 

Alcohol-dried, room 
temperature 

5-2 

7-5 

9*1 

I> 

Dried at 40° 

6-3 

7-9 

9*9 

E 

Dried at 60° 

6*3 

90 

11-6 

F 

Alcohol-dried; put in benzene, 
heated under vacuum at 80° 
for 10 hr. 

6-2 

7*6 

9*5 

G 

Dried at 80° 

6-6 

9-3 

11-3 

H 

Oven-dried, 100° for 8 hr. 

6-8 

11-6 

13*6 

I 

Air-dried, then heated at 100° 
for 16 hr. 

7-6 

9-7 

140 

J 

Alcohol-dried, then heated at 

100° for 16 hr. 

71 

10-9 

14*2 

K 

Vacuum-dried, at 100° 

8-1 

10-2 

12*8 

L 

Dried at 120° for 16 hr. 

8-9 

11*9 

13*3 

M 

Dried at 150° for 16 hr. 

9-G 

11-7 

14*2 


Cellulose contained initially 32-3% xylan. 

removed accounted for about half the total loss and rather less after 20 treat¬ 
ments, at which point 80% of the xylan had been removed, as compared with 
a loss of about 25% of the “true cellulose”. The xylan or cellulosan is 
therefore much the more susceptible fraction. Concurrently a distinct change in 
physical properties was observed on repeated extraction, the cellulose residue 
becoming less cohesive and losing the slightly gelatinous property which caused 
it originally to dry to a close hard mass, being instead light and friable. 

Whilst the effect of heat on plant celluloses is to cause the formation of some 
water-soluble material, and whilst this effect can be repeated apparently in¬ 
definitely, it must be pointed out that pure cotton cellulose does exhibit the same 
phenomenon, but to a much smaller extent. An unbleached cotton yarn from 

Table III. Loss on water and citric acid extraction of cotton cellulose , 
oat and wheat straw ceUulose after drying at 100° overnight . 

Expressed on 1(X) g. cellulose (oven-dried basis). 


Water: 15 min. 0*5% citric acid: 1 hr. 

_ ^ __A_ 



t 

_A_ 

Oat 

Wheat 

f 

Oat 

Wheat 

Extraction 

Cotton 

straw 

straw 

Cotton 

straw 

straw 

I 

3-6 

6*8 

7*3 

7*6 

13*6 

11*8 

II 

4*3 

11*6 

9*4 

7*8 

21*2 

17 6 

III 

4*9 

13*6 

11*0 

8*4 

26*6 

23-3 

IV 

5*2 

17-1 

13*0 

8*7 

28*8 

25*1 
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high quality long fibre Egyptian cotton was treated with water and 0-5 % citric 
acid for comparison w T ith cereal straw celluloses. The results are given in Table III. 

The isolated celluloses of cereal straws, containing as they do some 20% 
xylan, are clearly much more affected by heat-drying than is pure cotton cellu¬ 
lose entirely free from xylan. Since it is evident that the water-soluble material 
formed cannot be solely accounted for from the xylan, the inference is that the 
presence of cellulosan weakens the whole cellulosic aggregate and causes a 
greater degree of susceptibility to the effect of heat. 

The nature of the water-soluble material . 

The aqueous extract obtained on boiling an oven-dried cellulose preparation 
is only slightly reducing. For example, 1 g. oat straw cellulose extracted after 
oven-drying lost 68 mg. The extract titrated by the Shaffer-Somogyi [1933] 
micro-method contained reducing groups equivalent to 04 mg. glucose, a re¬ 
ducing value of 0-58% on the material extracted. Having established that the 
water-soluble material produced by drying is not hydrolysed by aqueous extrac¬ 
tion, preparations were made from various isolated celluloses. The dried cellulose 
was boiled with water for 15 min. and the extract, after filtration, concentrated 
to a small volume under reduced pressure. To this straw-coloured liquid 5 vol. 
of alcohol were added, the white precipitate which formed being washed with 
acid alcohol, dried with increasing concentrations of alcohol and finally in a 
desiccator over fused zinc chloride. The preparations were slightly greyish white 
in colour, very light and hygroscopic. 

Analyses showed that the preparations contained both hexose and pentose 
units as would be expected and some uronic acid groups. The anhydropentose 
content varied from 60 to 75 % and uronic acid anhydride from 5 to 8 % accord¬ 
ing to the source. Acidic groups were titratable with N/5 0 NaOH using thymol 
blue as indicator. A study was made of the rate of hydrolysis of certain of these 
preparations, the reducing sugar formed being titrated by the Shaffer-Somogyi 
micro-method, with the modification that the time of heating was increased to 
25 min. since the shorter period recommended for glucose did not give complete 
recovery of xylose. The initial reducing values before hydrolysis were low, but 
rather variable, from 0-17 to 3% calculated as glucose. Hydrolysis by boiling 
with dilute mineral acids was rapid, but the recoveries of sugar were not very 
satisfactory. The shape of the hydrolysis curves did not suggest that there was a 
resistant portion unattacked by any of the acid strengths employed, but rather 
that the incompleteness of the recovery must be ascribed to destruction of sugar. 
It is known that high yields of xylose from xylan are difficult to obtain [Heuser 
& Brunner, 1922; Heuser & Jayme, 1923] and that the decomposition of pentoses 
during the hydrolysis of pentosans is greater than in controls of pure sugar 
similarly heated with acids. Since all the preparations were relatively rich in 
xylan, destruction of xylose probably accounted for the low sugar yields. The 
recovery of sugar from two preparations from oat straw cellulose is shown in 
Table IV. 

Since a strong probability existed that these preparations were not homo¬ 
geneous, an attempt was made at separation by precipitation at different alcohol 
concentrations. Four fractions, A, B, C, D, were obtained at 48,65, 85 and 95 % 
alcohol concentrations respectively. The yields from 90 g. oat straw cellulose 
were A, 1*6 g.; B, 0*39 g.; C, 0-14 g. and D, 0*04 g. The furfuraldehyde yields 
indicated the xylan contents to be respectively 70-5, 43-4 and 52*8%, the 
amount of D available being too small for any determination. The initial 
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Table IV. Hydrolysis of water-soluble material from 
oven-dried oat straw cellulose . 

% sugar liberated expressed as apparent glucose. 


Acid 

concentration 

Time 

Prep. 1 

Xylan content 
' C,8:>% 

Prep. 2 

Xylan content 
73*4% 

5% H 2 S() 4 

5 hr. 

88-3 

89*2 

2-5% n 2 so 4 

1 % h 2 so 4 

3 hr. 

82-9 

89*8 

3 hr. 

82*8 

8(>*5 

10 % oxalic 

3 hr. 

93*1 

8f»*9 

2-5% H 2 S0 4 

72% H 2 S0 4 

1 hr. at 1 atm oh. 

84*2 

85*f» 

2 hr. cold, diluted to 

79*7 

81*5 

3% HNO s 

3° 0 and boiled 2 hr. 

J hr. 

70*7 

_ 


reducing value of the main fraction A was 1*09 % in terms of glucose. The hydro¬ 
lysis curves obtained with 10% oxalic acid and 0*15 N H 2 S0 4 were similar in 
shape, and the recoveries of sugar again unsatisfactory. 

Evidence that the main fraction A obtained at the lowest alcohol concentra¬ 
tion was still not homogeneous was given by separation by other means. A small 
amount was dissolved in cold 1 % NaOH and Fehling’s solution added. The blue 
precipitate which formed, after washing with 50% alcohol, was suspended in 
alcohol containing HOI and washed free from copper. This precipitate was found 
to yield furfuraldehvde equivalent to a xvlan content of 86%. The yield how¬ 
ever was small and did not represent all the xylan in the sample taken. A similar 
partial separation of xylan was effected by adding alcohol to the alkaline filtrate 
from the copper precipitation above. A fraction was obtained at an alcohol 
concentration of 50% which on subsequent washing and drying was found to 
contain 84 % xylan. Both procedures gave a fraction richer in xylan than the 
original preparation, which might be held to substantiate the view that the 
hexosan and pentosan are not combined. 

The alcoholic filtrates from the precipitation of the water-soluble substance 
contained a small quantity of material not precipitated even at an alcohol con¬ 
centration of more than 95%. This was obtained by distillation under reduced 
pressure to a very small volume which was then made up to 10 ml. The solution 
was golden brown in colour and strongly reducing. On hydrolysis with acid the 
reducing value increased only about four or five times, an indication that the 
molecular size of this fraction must have been small. Figures for three such 
residues are given in Table V. 

Table V. Reducing power of alcohol-soluble fraction . 


Expressed as mg. glucose. 



I 

II 

III 

Direct 

48*3 

37*5 

33*0 

Hydrolysed for 1 hr. 
with 5% H,S0 4 

1800 

111*0 

— 

Hydrolysed for 3 hr. 
with 2*5% H 8 S0 4 

— 

**"■* 

142*0 


Changes in the cellulose as a result of drying . 

There are few tests that can be applied to cellulose itself to obtain information 
bearing on the effect of heat-drying. Degradative changes are usually accom¬ 
panied by an increase in the copper number as a result of the production of 
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reducing groups. Such an increase was observed, the method employed being the 
Heyes [1928] modification of the Schwalbe-Braidy procedure. A small concurrent 
increase was found in the yield of C0 2 on distillation with 12 % HC1 presumably 
owing to the production of uronic acid groups. It is not certain, however, that all 
the C0 2 given by cellulose is due to this grouping. The figures are given in Table VI. 

Table VI. Changes in copper number and COs yield on drying wheat cellulose. 


Treatment of cellulose 

Copper 

number* 

C0 2 

numberf 

Wet 

0*60 

0-30 

Air-dried 

0-75 

0-43 

Oven-dried, 16 hr. 

0*83 

0-45 

Oven-dried and extracted with water 

0-98 

0-46 

twice, then air-dried 

Oven-dried, 48 hr. 

2-07 

_ 


* Weight of copper reduced by 100 g. cellulose (dry), 
t Yield of C0 2 on distillation of 100 g. cellulose (dry). 


The changes, though small, are in the same direction as observed in the 
production of oxycelluloses and are, no doubt, of a similar type. 

Discussion of the above observaiiems. 

This effect of heat drying of plant celluloses does not appear to have been 
directly recorded before, though in a brief paper by Sherrard & Blanco [1932] 
some experiments are given in which the same phenomenon undoubtedly 
occurred. They showed that from white spruce cellulose, kept wet, some material 
oould be removed by prolonged boiling with water, but after drying the losses 
from the cellulose were heavier. Partial hydrolysis due to the long period of 
boiling was however the chief factor concerned in their experiments. From the 
extract, by concentration and precipitation with alcohol, a white powder was 
obtained, rather similar to those prepared in this work, in that it was very 
hygroscopic and easily hydrolysable to sugars. Experiments on the drying of 
wood made by Campbell & Booth [1930; 1931] showed a slight increase in the 
hot water-soluble fraction as a result of treatment at 100° or 105°, a fall in the 
Cross & Bevan cellulose content and a definite increase in alkali-solubility. 
These changes may be in part accounted for by the effect of heat on the cellulosic 
fraction. 

The observations described in this paper do not admit of any ready explana¬ 
tion on the basis of present theories of the arrangement of cellulose molecules. 
The removal of water by drying is likely to modify conditions within the micellae. 
Shrinkage will occur and strains be set up as a result of the withdrawal of the 
“packing ” provided by the water molecules. This disturbance might be expected 
to make for an increased susceptibility to the hydrolytic action of boiling water 
or stronger reagents. The observed effect of heat is, however, more difficult to 
understand. Alcohol-dried and air-dried samples subsequently exposed to a 
temperature of 100° were considerably affected By this further treatment from 
which water relationships are excluded. The effect of moderate temperatures on 
cellulose has been little studied. Profound changes take place on prolonged 
heating; indeed, it has been stated that complete carbonisation may occur in the 
course of a few months at 120°. Kneoht [1920] has shown a rapid loss of colour 
and strength in cotton exposed at 93°. Whatever be the nature of the changes 
caused by the application of heat, plant celluloses containing oellulosans are 
very much more affected than is pure cotton cellulose. Both the initial loss on 
extraction and the further increments obtained by repeating the treatment are 
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considerably larger than in the case of cotton. The extra amounts are only in 
part accounted for by the cellulosan removed. The “true” cellulose aggregate 
is therefore less resistant than cotton or is weakened in this respect by the 
presence of cellulosan molecules within the micellae. The preparations of water- 
soluble material obtained do not throw much light on the nature of the changes 
responsible for the production of this fraction. The presence of two components 
which are undoubtedly affected to a different extent by the treatments means 
that any preparation will be a mixture. The cellulosan fraction is more affected by 
heat treatment than is the “true ” cellulose since the xylan content of the water- 
soluble preparations was about 70%. It must be presumed that the effect of 
heat is to cause a breakage of some of the cellulose chains, and probably but not 
essentially a breakage of the xylan too. Evidence for chain breakage is provided 
by the increase in “copper number” values. 

At the same time, some oxidation undoubtedly occurs with the production of 
uronic groupings and possibly also of terminal carboxyl groups of the gluconic 
type which would not be included in the estimation by C0 2 yield. Without 
assuming definite breakage of the cellulosic chains as a result of heat, it is not 
possible to account for the production of further water-soluble fractions, ap¬ 
parently similar, on wetting and re-exposing to heat. The water-soluble material 
may be supposed to consist of cellulosic fragments still of considerable though 
variable size and partially oxidized, mixed with cellulosan or degraded cellulosan 
molecules. Fractionation of the water extract was undertaken since it seemed 
likely that, cellulosic fragments of diminishing molecular size might be precipi¬ 
tated by increasing alcohol concentrations and that differences in these might be 
evident in the rates of hydrolysis. In fact, however, the major part of the material 
removed precipitated at a relatively low alcohol concentration. No information 
exists as to the limit in number of glucose units in a chain imposed by water- 
solubility. A very small portion of the extract was strongly reducing and, since 
hydrolysis increased the reducing value only three or four times, the chain length 
of this fraction was probably quite short. The reducing value of the preparations 
was low, but cannot be taken as a reliable or even approximate index of average 
chain length because, owing to oxidation, the terminal groups might well be 
carboxylic rather than aldehydic in nature. 

These observations may be of practical importance in two directions. In the 
first place, there is the possibility that the drying of any plant material before 
isolation or determination of the cellulose in it may have so changed the balance 
between cellulose and cellulosan that the product obtained is not truly repre¬ 
sentative. It is not certain that in situ and in association with other cell wall 
constituents such a change would occur. If it does, this is clearly a normal 
process in senescence and would take place during the ripening of straw, for 
example. Experiments to test this point are at present inconclusive, owing to the 
difficulty of grinding fresh tissues to as fine a state of division as dried materials. 
In routine work, at present, cellulose determinations are carried out on air-dried 
rather than oven-dried material. 

A further implication of this work lies in the decomposition of cellulose by 
micro-organisms. The fermentation of celluloses which contain cellulosan has 
been little studied, the substrate in most work of this type being the pure 
celluloses of filter-paper or cotton. Heat treatment of a plant cellulose by 
producing a water-soluble fraction might expedite attack on the aggregate. If 
higher temperatures, possibly up to 140°, were employed, such a preliminary 
“cracking” might result in a more effective and rapid decomposition. This 
point is at present under investigation. 
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B. Hydrolysis and extraction of cellulose preparations. 

Although most celluloses consist of two components, cellulosan and “true” 
cellulose, no quantitative separation has ever been achieved. The properties of 
the cellulosans are, with certain limitations, those usually described for the 
encrusting polyuronide hemicelluloses. That is to say, they are soluble in cold 
dilute alkalis and hydrolysed to their constituent sugars by boiling with dilute 
mineral acids. Limitations are conferred by roason of their association with the 
cellulose. The purpose of the work to be described was to investigate the removal 
of the cellulosan fraction of some celluloses by hydrolysis with acids and extrac¬ 
tion with alkali. 

There are few references in the literature to any previous work on this subject, 
indeed, only one paper, by Hawley & Fleck [1927], deals directly with the action 
of dilute acids on isolated cellulose. They showed that wood cellulose is hydro¬ 
lysed much more readily than cotton cellulose and claimed that from softwood 
cellulose all the mannan and most of the pentosan might be removed with ease. 
The effect of dilute acids on cotton cellulose, as followed by the liberation of 
sugar, was determined by Wohl & Blumrich [1921] who found that the acid 
extract filtered free of cellulose had an increased reducing value on further 
boiling, indicating the presence of some compound intermediate between cellu¬ 
lose and glucose. A number of workers have studied the hydrolysis of wood with 
dilute mineral acids at ordinary temperatures and under pressure. Miller & 
Swanson [1925] showed that as a result of such treatment the cellulose is much 
reduced, a portion being lost at very low acid concentrations. This easily hydro- 
lysable portion, amounting to about 13 % of the cellulose, was, no doubt, largely 
cellulosan in nature. 

Only recently has it been realized that the cellulose of plant materials and 
woods is much less resistant to the action of acid and alkali than is cotton 
cellulose. Any treatment other than in neutral solution should be avoided in 
handling materials from which the cellulose is to be prepared or determined, in 
order that the integrity of the cellulose may be preserved. The nature of the 
attack brought about by acid and by alkali is shown in the following experi¬ 
ments. In view of the observations on the effect of heat-drying, all preparations 
were kept wet, and the treatments to be described were carried out on the wet 
material, due allowance being made for the moisture content. 

1. Hydrolysis. 

The effects of hydrolysis were studied by treating small samples for various 
times under standard conditions. The residues after thorough washing and drying 
were weighed and used for furfuraldehyde determinations. Reducing sugars 
were estimated directly in the extract using the Shaffer-Somogyi [1933] micro¬ 
method. The acid extract was also further hydrolysed by boiling again for 
3 hours after adjusting the acid concentration to 4 % in each case. The reducing 
values of the extract both direct and after rehydrolysis are expressed as apparent 
glucose, it having been determined that the curve for xylose with this reagent is 
almost identical with that for glucose. With this information a full picture of the 
changes taking place on hydrolysis may be obtained. In Tables VII and VIII 
respectively are given the results obtained on the celluloses of oat straw and oak. 

Considering first the series on oat straw cellulose given in Table VII, this 
cellulose was found to undergo appreciable loss with acid as dilute as 0-1 % 
(N150) and in a period as brief as half an hour. Hydrolysis was progressive with 
time in this and all higher concentrations. Three important facts emerge and may 
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Table VII. Hydrolysis of oat straw cellulose with acids at the boiling point. 
Furfuraldehyde yields 17*82 °\ 0 equivalent to xylan 27 62 °/ 0 . 


All results expressed on the basis of 100 g. original cellulose. 


Cone, of 

h,so 4 

Time 


Xylan 

in 

Xylan 

Hexosan 

lost 

Sugars 

in 

Sugars 
on re- 

Xylan loss 
Total loss 

o/ 

/o 

in hr. 

Residue 

residue 

lost 

(diff.) 

extract 

hydrol. 

O' 

o 

01 

i 

93-1 

23*4 

4*2 

2*7 

2*7 

8*8 

61 


2 

89-3 

21*4 

6*3 

4*4 

4*2 

10*2 

59 


5 

88*2 

20*8 

6*8 

4*9 

6*0 

121 

58 


10 

84*4 

171 

10*5 

50 

10*7 

13*7 

67 

0*25 

1 

87*3 

19*8 

7*8 

4*8 

4*5 

9*9 

67 


2 

85*7 

181 

9*6 

4*8 

6*5 

12*2 

67 


3 

84*6 

17*5 

10*1 

5*3 

7*4 

12*5 

66 


5 

82*7 

16*2 

11*4 

5*8 

10*5 

13*1 

66 


16 

79*4 

15*0 

12*6 

8*0 

14*8 

14*2 

66 

10 

i 

85*6 

17-1 

10*3 

3*9 

5*8 

11-7 

73 


1 

83*9 

16*9 

10-7 

5*3 

8*0 

13*9 

67 


2 

82*8 

16*3 

11-3 

5*9 

12*0 

14*6 

66 


3 

81*7 

15*2 

12*4 

5*9 

13*5 

14*8 

68 


5 

81*3 

14-1 

13*5 

5*2 

15*9 

16*9 

72 


16 

77*2 

8*9 

18*7 

4*1 

22*4 

214 

82 

30 

i 

84*7 

10*8 

10*8 

4*5 

10*9 

14*4 

71 


1 

82*8 

15*2 

12*4 

4*7 

14*2 

15*8 

72 


2 

80-7 

12 8 

14*8 

4*5 

17-1 

17*7 

77 


3 

79*1 

1 l-o 

101 

4*8 

18*0 

18*9 

77 


5 

76*5 

9*9 

17-8 

5*7 

19*4 

20*3 

76 


16 

720 

5*6 

22*0 

6*0 

24*9 

25*5 

79 

5-0 

4 

81*6 

14*4 

13*2 

5*1 

133 

13*4 

72 


1 

80*6 

13*8 

13*9 

5*6 

16 5 

16*9 

72 


2 

78*1 

11*7 

10*0 

5*9 

19*2 

20*3 

73 


3 

76*2 

9*9 

17*7 

6*0 

21 *2 

_+ 

75 


5 

74*7 

8*1 

19*5 

5*8 

240 

_* 

77 


16 

67*3 

3*5 

24*2 

8*0 

27*3 

_* 

74 


* Not determined. 


be enumerated at once. Firstly, there is no apparent break in the continuity of 
the reaction with any of the concentrations of acid employed. If the effect 
produced on the cellulose in any selected time is plotted against the acid concen¬ 
trations smooth curves are obtained, giving no indication of a fraction or frac¬ 
tions particularly susceptible to removal. Secondly, in no case did the xylan 
removed account for the whole of the loss sustained by the cellulose. There was 
evidently a concurrent extraction of hexosan, which presumably has to be con¬ 
sidered as an attack on the true cellulose, though this point will be discussed 
more fully later. Thirdly, the reducing values of the filtered extracts obtained 
with all the lower acid concentrations were such as to indicate that the material 
removed had not undergone complete hydrolysis to reducing sugars. On in¬ 
creasing the acid concentration of the filtered extract to 4 % in those cases in 
which it was originally less than this, on further boiling, the reducing values 
increased until the apparent sugar content was approximately equivalent to the 
total loss in the natural cellulose. The agreements were not very precise, no 
doubt owing to the instability of xylose in dilute mineral acid as referred to in the 
previous section. 

Reviewing the series as a whole, the xylan may be said to be fairly readily 
removable by dilute acids, the maximum loss of 87 % of the total xylan being 
achieved in 16 hours with 5 % acid. With lower concentrations and in shorter 
periods the amount was almost proportionately less. The same, however, is not 
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Table VIII. Hydrolysis of oak cellulose with acids . Furfuraldehyde 
yield—15-93 °/ 0 equivalent to xylan 24-69 °/ 0 . Lignin—0-79°/ 0 . 


All results expressed on the basis of 100 g. original cellulose. 


Cone, of 



Xylan 


Hexosan 

Sugars 

Sugars 

Xylan loss 

H s S0 4 

Time 


in 

Xylan 

lost 

in 

on ro- 

Total loss 

0/ 

/o 

in hr. 

Residue 

residue 

lost 

(diff.) 

extract 

hydrol. 

% 

01 

i 

02-3 

20*2 

4*5 

3*1 

0*5 

1*9 

59 


1 

90*1 

19*8 

4*9 

4*9 

0*9 

5*1 

50 


2 

88*5 

18-8 

5*9 

5*6 

1*7 

6*8 

51 


3 

88-0 

18*0 

6*7 

5*3 

2*3 

7*4 

55 


5 

86*1 

17*7 

7*0 

6*8 

3*6 

8*4 

50 


16 

83*0 

160 

8-6 

7*5 

8*5 

11*2 

53 

0-25 

4 

00*3 

20* 1 

4*6 

5*1 

1*0 

51 

48 


1 

80*7 

19*1 

5*6 

4*7 

2*0 

6*5 

54 


2 

87*8 

17*9 

6*7 

5*4 

3*5 

8*3 

55 


3 

86*1 

17-6 

7*0 

6-8 

5*8 

9*9 

50 


5 

85*4 

17-3 

7*4 

7-2 

8*0 

10*5 

51 


16 

81*1 

12-9 

11-8 

7*1 

12*9 

11-6 

59 

1*0 

i 

88*1 

17*5 

7-2 

4*7 

3*0 

7*8 

61 


1 

87*2 

17-3 

7*4 

5*4 

5*9 

8*9 

58 


2 

84*9 

161 

8*6 

6*6 

91 

11*7 

57 


3 

83*7 

15*4 

9*3 

7*0 

11*1 

13*1 

57 


5 

80*8 

13-4 

11-3 

7*9 

14*9 

15*2 

59 


16 

74*2 

8-8 

15-9 

9-9 

19*3 

_* 

62 

30 

i 

86*7 

16-4 

8-3 

5-0 

7*9 

10*6 

62 


1 

84*4 

150 

9*6 

6*0 

12*1 

12*4 

62 


o 

811 

130 

11*7 

7-2 

15*1 

16*3 

62 


3 

77*8 

10-9 

13-8 

8-4 

16*4 

16-4 

62 


5 

74-7 

8-5 

16-2 

9-1 

20-2 

_* 

64 


16 

69-3 

4-2 

20*5 

10-2 

24*6 

— 

67 

50 

i 

84*5 

14-8 

9*8 

5-7 

11*2 

11*0 

63 


1 

79*9 

12-5 

12-2 

7*8 

15*5 

16-2 

61 


2 

76*9 

10-1 

14*6 

8*5 

18-4 

18-3 

63 


3 

75*4 

8-9 

15*8 

8*8 

22*1 

_* 

64 


5 

71-3 

6-4 

18*3 

10*4 

23-5 

— 

64 


16 

64*9 

2-8 

21*9 

13*2 

25*5 

— 

62 

10 

i 

76*2 

9*9 

14*8 

9*0 

10*8 

— 

62 


1 

73*6 

8*6 

16*1 

10*3 

13-1 

— 

61 


2 

68*8 

5*8 

18*8 

12*4 

15*0 

— 

60 


3 

66*8 

4*4 

20*3 

16-5 

16*5 

— 

61 


5 

60*2 

3*1 

21*6 

18*2 

16*5 

— 

55 


16 

57-5 

1*3 

23*4 

19-1 

16*5 

— 

55 


♦Not determined. 


true of the hexosan removed. The results suggest the presence of a little over 6 % 
of hexosan material removable from the cellulose by acid. On prolonged boiling 
this amount was somewhat increased. The hexosan does not show the same 
progressive removal as the xylan and the ratio of xylan loss to total loss in¬ 
creased with time except in the case of very dilute acids when it remained more 
or less constant. The material removed had not undergone complete hydrolysis 
to reducing sugars, though hydrolysis must have proceeded to a very consider¬ 
able extent, for in only one experiment was the reducing value as much as 
doubled on rehydrolysis of the extract. The loss of xylan and hexosan must be 
ascribed largely to hydrolysis and not simply to extraction. 

The results on oak cellulose given in Table VIII lead to similar conclusions. 
Some differences in degree are discernible and these are manifestations of the 
individuality of the cellulose. The xylan was rather less readily removed by very 
dilute adds, and whereas in oat cellulose about 5 % hexosan was removed con¬ 
currently with the xylan, that fraction of the oak cellulose was more susceptible, 
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and seemed to be progressively attacked. With low concentrations of acid, the 
hexosan removed was almost equal to the xylan, the ratio of xylan lost to total 
loss being about 50%. With higher concentrations this ratio increased but was 
not so high as that given by the oat cellulose. In another respect, too, differences 
were noted between the two samples of cellulose, the filtered acid extracts ob¬ 
tained being less completely hydrolysed in most cases. 

Attempts were made to carry out a similar series of hydrolyses on a softwood 
cellulose, and although the removal of the xylan component could be followed 
accurately, it was not possible to distinguish in the dilute extracts between the 
mannose from the cellulosan and the other hexosan material presumably from 
the cellulose. 

2. Extraction . 

The effect of treatment of some plant celluloses with alkali was studied simi¬ 
larly by heating small samples for various times under standard conditions. 
Special precautions were needed in washing, to ensure the removal of all alkali. 

Table IX. Extraction of celluloses with boiling NaOH solutions. 


All results expressed on the basis of 100 g. original oven-dried cellulose. 


Cellulose 

Cone, of 



Xylan 


Hexosan 

Xylan loss 

and xylan 

NaOH 



in 

Xylan 

removed 

Total loss 

content 

O' 

<0 

Time 

Residue 

residue 

removed 

(din.) 

% 

Oak 

01 

10 min. 

92-5 

20-5 

4-2 

3-3 

56 

(2409) 


1 hr. 

89*4 

18-8 

5-9 

4-7 

56 


5 hr. 

85-0 

17-6 

7-1 

7*8 

47 


10 

10 min. 

87-9 

i7-r> 

7-2 

4-9 

59 



1 hr. 

82-2 

16-6 

8-1 

9-7 

45 



o hr. 

76-7 

15-1 

90 

13-7 

4) 


4-0 

10 min. 

70-1 

10-3 

14-2 

9-7 

59 



1 hr. 

72-3 

8-6 

161 

11-6 

58 



5 hr. 

711 

7-9 

16-8 

121 

58 

Wheat 

0-1 

10 min. 

94-7 

18-5 

3-0 

2-3 

57 

straw 


1 hr. 

93-3 

17-8 

3-7 

3-0 

55 

(21-32) 


5 hr. 

87-4 

15-3 

6-3 

6-3 

50 

10 

10 min. 

90-7 

16-3 

5-2 

4-1 

56 



1 hr. 

80-9 

15-3 

6-2 

12-9 

33 



5 hr. 

66-0 

8-2 

13-3 

20-7 

39 


40 

10 mill. 

80-1 

10-4 

111 

8-8 

56 



1 hr. 

68-6 

71 

14-4 

17-0 

46 



5 hr. 

02-9 

7*0 

14-3 

22*6 

39 

Barley 

01 

10 min. 

84-1 

14-9 

9-2 

6-7 

58 

straw 


1 hr. 

80-6 

12-8 

11-3 

8-1 

58 

(24-04) 


5 hr. 

76-5 

10-4 

13-6 

9-9 

58 

1-0 

10 min. 

78-9 

11-6 

12-4 

8-7 

59 



1 hr. 

73-4 

9-7 

14-3 

12-3 

54 



6 hr. 

68-1 

9-1 

15-0 

16-9 

47 


4-0 

10 min. 

72-2 

6-3 

17-8 

10*0 

64 



1 hr. 

G7-0 

6-2 

17-9 

13*1 

54 



5 hr. 

62-8 

5-6 

18-4 

18-8 

50 

Jute 

0-1 

10 min. 

95-1 

12-2 

2-5 

2-4 

51 

(14-73) 


1 hr. 

94-2 

12-4 

2-3 

3-5 

39 


5 hr. 

90-1 

11-3 

3-4 

6-5 

34 


1-0 

10 min. 

931 

12-3 

2-4 

4-4 

36 


1 hr. 

88-7 

10-8 

3-9 

7-4 

35 



5 hr. 

85-3 

9-9 

4-8 

9-9 

33 


4-0 

10 min. 

85-7 

8-6 

6-1 

8-2 

43 


1 hr. 

81-0 

7-5 

7-2 

11-8 

38 



5 hr. 

80*2 

7-2 

7-5 

12-3 

38 

Bioohem.! 

1936 xxx 
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Various concentrations of NaOH from N/50 to 2*5 N were employed but results 
are presented only for 0-1, 1*0 and 4-0% each at 10 min., 1 hour and 5 hours, 
sinoe these conditions adequately cover the removal of the major part of the 
associated cellulosan. The celluloses studied included one from a hardwood, 
oak, two from cereal straws, barley and wheat, and one from a fibre plant, jute, 
the figures for all of which are given in Table IX. Alkali as dilute as 0*1 % 
brought about a considerable removal of xylan even in 10 min. from all celluloses, 
that of barley straw being particularly susceptible. The xylan was uniformly 
accompanied by some hexosan. With each concentration of alkali, long boiling 
removed hexosan at a greater rate than xylan, as a result of which the ratio of 
xylan loss to total loss falls with time. Not unconnected with this observation is 
the fact that in effecting the same total loss a higher concentration of alkali for a 
short> period will remove more xylan than a lower concentration for a longer 
period. This is well shown in the oak series, in which the residue after extracting 
oak cellulose for 10 min. with 4-0 % acid was 76-1 % and that with 1*0% acid 
for 5 hours 76-7 %. The xylan content of the former residue was, however, 10*5 % 
and of the latter 15*1 %. It follows that in the preparation of xylan from cellulose, 
a purer extract is likely to be obtained by the use of a strong alkali solution for 
a short period than by prolonged boiling with a more dilute solution. 

The celluloses from the four different sources showed certain distinctive 
differences. The jute cellulose was more resistant to extraction than any of the 
other samples, and the losses from jute were due more to the removal of hexosan 
material than xylan. The celluloses from the cereal straws provided a distinct 
oontrast, that from barley being much more susceptible to dilute alkali than that 
from wheat. In proportion, however, hexosan was more easily removed from 
wheat, and the ratios of xylan loss to total loss are consequently uniformly lower 
in the wheat series. Whether such differences are characteristic of these straws 
has not yet been determined. The results on oak cellulose provide the basis for a 
comparison of the effects of hydrolysis [Table VIII] and extraction. Prolonged 
boiling with acids produced a progressive attack on both components, that on 
the xylan increasing only slightly with time. As a result, on continued hydrolysis 
the ratio of xylan loss to total loss does not change appreciably. In alkaline 
extraction, on the contrary, the removal of hexosan increased faster than the 
removal of xylan with the result that this ratio fails. 

Discussion of hydrolysis and, extraction . 

Treatment of a plant cellulose with hot dilute acids or alkalis results in the 
removal of cellulosan to an extent which depends on the concentration and the 
time. Concurrently, however, there is a removal of hexosan material often to an 
extent considerably greater than that of cellulosan. In no case, with hot re¬ 
agents, is cellulosan removed unaccompanied by hexosan. Pure cotton cellulose 
with dilute acids and alkalis is known to undergo only very small losses under 
similar conditions. There is therefore in the celluloses from woods and plant 
materials a hexosan fraction far more susceptible than anything in cotton. The 
nature of this fraction and its relationship to true cellulose on the one hand and 
oellulosan on the other are not yet known. The existence of such a fraction has, of 
course, been recognized for many years, and in the evaluation of pulps a pro¬ 
cedure is ordinarily adopted to exclude this less resistant material. By treatment 
in the cold with 17*8% NaOH, a residue is obtained termed a-cellulose, which, 
whilst not usually free from xylan, is taken as representing the true resistant 
fraction available for manufacturing purposes. Bell f1932] has shown, in a study 
of the methylationof this fraction, that wood celluloses do not display uniformity 
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as individuals. The alkaline extract, if acidified, gives a precipitate known as 
/?-cellulose. The larger part of the material extracted is not however precipitated 
on acidification, and it is termed y-cellulose, the amount being obtained by 
difference. These fractions have never been critically investigated. It is unlikely 
that the proportions of oc-, /3-, y-cellulose have any absolute significance since 
their isolation rests on a purely arbitrary procedure. The /9- and y-fractions 
presumably include the material removed by dilute acids and alkalis as described 
in this paper. 

From these experiments certain limited deductions as to the nature of this 
less resistant hexosan can be made. It is apparently as easily removed by dilute 
alkalis as is the cellulosan and further is readily hydrolysed by dilute acids to 
give reducing sugars. True cellulose is little affected by dilute alkali or acids. The 
resistance of true cellulose to hydrolysis by acids is unusual, even amongst 
polysaccharides, and has never been satisfactorily explained. This property is 
presumably connected with the immense chain length of the cellulose molecule, 
but not with its micellar arrangement, for regenerated celluloses, of inferior 
organized structure, are not markedly more susceptible to acid hydrolysis. The 
inference is therefore that this less resistant hexosan fraction of such celluloses 
is of much less molecular size, and possibly of the same order or chain length as 
the associated xylan, the properties of which are virtually indistinguishable. 
This hexosan fraction might perhaps be more properly regarded as a cellulosan, 
instead of as a ]x>rtion of the true cellulose, in which case the cellulosan of such 
materials as described above would have two components, a xylan and a gluco- 
san, and in this be analogous to the cellulosan of the Gymnosperms, which con¬ 
sists of mannan and xylan. Such a distinction is however one of nomenclature 
only, and docs not explain the nature of the material. The mechanism which 
produces the celluloses of plant materials and woods seems to be less perfect in its 
achievement than that of the seed hairs of the cotton plant. In the latter, the 
fibres arc* composed of molecules of great chain length and of the same general 
order of magnitude, so that the properties are uniform. In the former, molecules 
considerably shorter in length appear to be laid down with the longer true 
cellulose chains. These shorter molecules would comprise the less resistant 
hexosan material removed concurrently with the xylan fraction. 

C. The effect of destroying molecular orientation. 

The physical and mechanical properties of cellulose depend not only on the 
nature of the molecule, but on the state of aggregation of the molecular units. 
The fact that the molecules are oriented in one direction and stabilized laterally 
by secondary valency forces gives longitudinal strength. If cellulose be dissolved 
in one of the suitable solvents and subsequently precipitated, this regularity of 
arrangement is lost, and mechanical strength largely disappears. If qellulosans 
are present and are retained by secondary valency forces, the effects of disturb¬ 
ing the regularity of arrangement in such a cellulose should be an increased 
availability of the cellulosan fraction owing to the extensive reduction of forces 
operating laterally. This phenomenon has been observed in the case of the 
cellulosan of wheat straw cellulose. Two methods of solution were employed, in 
cuprammonium solution and by formation of the xanthate with CS 2 and alkali. 
A large preparation of the cellulose from wheat straw was made and, while wet, 
was divided into three portions. In view of observations on the effect of heat 
drying, it was decided to make comparisons of the regenerated cellulose both in 
a wet and oven-dried condition. One third of the cellulose was dissolved in 
cuprammonium solution by prolonged shaking, filtered free of lumps which were 
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broken up in a mortar until smooth, and the combined cellulose solution repre¬ 
cipitated by pouring into a large volume pf water containing more than sufficient 
HC1 to neutralize all the ammonia present. The gelatinous precipitate obtained 
was washed by decantation and on a filter till free from copper. Half the product 
was then dried overnight at 100° and the remainder kept wet. The portion of the 
original cellulose for solution as a xanthate was treated with water and alkali to 
give a concentration of 17*5 % NaOH. CS 2 was stirred in, and the cellulose went 
slowly into solution to give a light yellow opaque liquid. It was diluted with 
10% alkali and kept overnight, giving then a clear red-brown viscous solution. 
The cellulose from this was regenerated by precipitation in a large bath of dilute 
H 2 S0 4 and Na 2 S0 4 , a slow stream of the xanthate being run in from a tube of 
about 0*4 cm. diameter. In this way the cellulose was obtained in spongy ir¬ 
regular strings. After very thorough washing the product was divided into two 
portions, one being oven-dried and the other kept wet. The third portion of the 
original cellulose for use untreated as a control was similarly divided. In this 
way, six samples were obtained, untreated cellulose, wet and dried, cupram- 
monium cellulose, wet and dried and xanthate cellulose, wet and dried. 1 For 
comparison with these, similar series were prepared from two other celluloses not 
containing any cellulosan. One was a high-grade unbleached cotton yam and the 
other filter-paper (Whatman No. 1). The origin of the cellulose of the latter was 
presumably wood, all the cellulosan having been removed by drastic acid and 
alkali treatment. 

These samples were each given a number of treatments selected as a result of 
previous work for their suitability in providing information on the susceptibility 
of the cellulosan fraction. The treatments were; 

(a) 0-25 % NaOH] 

(b) 1*0% NaOHV boiled for 1 hour. 

(c) 0*25% H 2 SOj 

( d) Water: 2 boils for 20 min. each. 

(e) 3% sulphite: 2 boils for 20 min. each. ' 

(/) 4-0 % NaOH: standing for 1 hour at room temperature. 

The furfuraldehyde yield of the residue was determined on all wheat cellulose 
samples, both untreated and regenerated, and the reducing value of the extract 
from the two acid treatments. 

The regenerated wheat celluloses from the cuprammonium and xanthate 
treatments were not identical in composition with the untreated wheat cellulose. 
In each case the basis of the solvent is an alkali, in the one ammonia (sp. gr. 
0*920), and in the NaOH initially 17*5 % and later reduced to 13 %, as a result of 
which some of the xylan becomes extracted, and though reprecipitated on acidi¬ 
fication is in a very fine condition and is carried away in the repeated washing 
that is necessary. This is particularly true of the cuprammonium product which 
reprecipitates in a highly dispersed condition. As a result, the xylan content of 
the xanthate product from wheat was 15% and that of the cuprammonium 
rather less than 10%, whilst the original cellulose contained 21*5%. Such 
differences in xylan content might have invalidated the results had not the 
magnitude of the changes been great. The results of the extractions of wheat 
cellulose and its regenerated products are given in Table X, and those for cotton 
cellulose and filter-paper in Table XI. The results are expressed on 100 g. of the 

1 I am much indebted to my colleague Dr S. H. Jenkins for his assistance in the preparation 
and reprecipitation of the cuprammonium and xanthate celluloses used in this work. 



Table X. Extraction of wheat cellulose and regenerated celluloses . 
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cellulose concerned, and because of the losses of xylan in the course of preparation 
of the cuprammonium and xanthate products are not directly comparable with 
one another. Instead, the relative effects of the different treatments and the 
nature of the materials removed by those treatments must be compared. 

Table XI. Extraction of cotton cellulose and fiUer-paper and 
their regenerated products. 


Results expressed on 100 g. cellulose (oven-dried basis). 
Cotton cellulose 

f - 'i 

Untreated Cuprammonium Xanthate ( - 


Filter-paper 


Treatment dried dried Wet* dried Wet dried dried wet wet 

0-25% NaOH 94-2 92 0 89 0 92*9 97-3 95-6 97-1 96-8 951 

1 % NaOH 941 9M 88-7 91 8 96 0 92-9 95-4 94-9 95-1 

0-25% H 2 S0 4 94-4 93-2 87-3 95*5 98-4 93*3 97*8 98*2 95*2 

2*5% H 2 S0 4 93-8 91-8 83 1 910 95-5 92-9 96-3 92-4 93-5 


3% sulphite 97 0 93 0 89-9 95 2 98 0 93*3 97-4 97*3 93-8 

4% cold NaOH 96-5 95-3 96-6 96-3 98-7 96-8 97 0 97-3 95-2 

* This sample was very gelatinous and became highly dispersed on subsequent treatment, so 
that some loss occurred on filtration. 

The results on the wet xanthate-regenerated cellulose are more striking than 
those on the cuprammonium cellulose because less xylan was lost in the method 
of preparation. The differences between the various extracting and hydrolysing 
agents were smoothed out as a result of regeneration in both cases, so that hot 
water removed almost as much xylan as any other reagent, in marked contrast to 


Fig. 3. Removal of xylan from untreated and regenerated cellulose. 


its action on the untreated oellulose (Fig. 3). No equivalent increase in avail¬ 
ability of hexosan material occurred. This is in accord with the results obtained 
on the celluloses not containing cellulosan given in Table XI. Neither filter- 
paper nor cotton cellulose on solution and reprecipitation showed any significant 
change in susceptibility to these various treatments. 

The dried samples were very similar in properties to the wet, save that super¬ 
imposed upon the changes brought about by solution and reprecipitation was 
also the effect of exposure to heat previously described. This appealed to be 
smaller in the regenerated celluloses than in the untreated material. 
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Discussion. 

It is believed that the cellulosan fraction of natural celluloses is retained 
by secondary valency forces. The association is, however, stronger than 
this type of linkage would normally provide. Additional stability is provided 
by the orientation of the cellulose molecular chains and their arrangement 
in micellae. If it is presumed that the cellulosan molecules are similarly oriented 
and distributed throughout the micellae, not necessarily only on the surface, 
then such an aggregate might be expected to have the properties of the natural 
celluloses as shown in this paper. A portion of the cellulosan may very readily be 
extracted with alkali in the cold, yet even prolonged heating with alkali fails to 
effect a complete extraction. This has long been a matter of comment. Heuser & 
Haug [19181, investigating a cereal straw cellulose, showed that many extractions 
with hot 6% NaOH resulted in a loss of only 80% of the xylan, and that even 
after drastic treatment under pressure at 140°-150°, 5-6 % of the xylan remained. 
Similar results were obtained with the wheat cellulose used in this work. The 
xylan content, initially 21-5%. was reduced only to 5% by prolonged boiling 
with 10 % NaOH, a loss of less than 80 %. The hydrolytic effect of acid treatment 
is capable of removing this resistant fraction easily, and 3 % H 2 S0 4 at 100° for 
one hour eliminated this 5 % residue. The distribution of xylan molecules through 
the micellae would account for such differences in extraction. 

On the solution of the cellulose and subsequent re precipitation the organized 
arrangement is largely destroyed, and the secondary valency forces between the 
cellulose and xylan molecules are no longer operative. As a result, the xylan 
becomes easily removable by reagents which previously had little effect upon it. 
In the untreated and oriented condition about 5% of the xylan only was water- 
soluble. After modification so that orientation was impaired nearly 80% of the 
xylan was removed under the same conditions. Cold 4% alkali then extracted 
well over 90%, a result that could not be achieved on the untreated material, 
even by prolonged boiling with alkali of higher concentration. No significant 
increase in the susceptibility of any hexosan material occurred, this change in 
properties being confined to the xylan. 

SUMMABY. 

1. The cellulose of most plants and woods differs from that of cotton in 
containing associated polysaccharides, known as cellulosans, which are tena¬ 
ciously retained and must be considered as an integral part of the cellulose 
aggregate. 

2. Heat-drying produces some change in the properties of both components 
of such a cellulose, which is manifest in an increased availability to extracting 
and hydrolysing agents. 

3. The effect of heat treatment may be observed repeatedly on the same 
sample and must involve breakage of the cellulose chains, though the xylan 
fraction is affected to a much greater extent. 

4. Preparations of the water-soluble material produced as a result of heat- 
treatment are mixtures which can be partially separated to give a portion of 
higher xylan content. Some oxidation undoubtedly occurs, and uronic groupings 
are present. 

5. The xylan may be removed from celluloses by treatment with either 
acid or alkali, but a concurrent loss of hexosan material takes place in all 
cases. 
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6. In acid hydrolysis there is no apparent break in the continuity of the 
reaction. The reducing value of dilute acid extracts indicates that the material 
removed is not completely hydrolysed to reducing sugars. 

7. Continued boiling with alkali removes hexosan at a greater rate than 
xylan, and in effecting the same total loss a higher concentration of alkali in a 
short period extracts more xylan than a lower concentration for a longer period. 

8. Plant celluloses show considerable differences of behaviour towards 
hydrolytic and extracting agents and reveal distinct individualities. 

9. By solution and reprecipitation of a cereal cellulose, the organized mole¬ 
cular structure may be destroyed, with the result that the xylan, which was 
initially extracted only to a small extent by water and dilute alkali, becomes 
almost completely soluble. No equivalent change in the properties of the hexo- 
san material occurs. 

10. These observations are in accord with the view that the cellulosan frac¬ 
tion of the cellulosic aggregate of plant materials and woods is oriented and 
participates in the micellae, being retained by secondary valency forces identical 
with those which obtain between parallel cellulose chains in pure cotton cellulose. 
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In an earlier paper on the vitreous body [1934] I demonstrated ultramicroscopie 
changes in its structure after treatment with KCNS solutions in N and higher 
concentrations. In these solutions the ultramicroscopie aspect of the fibrils 
became hazier in comparison with thatof the fibrils of the fresh vitreous. The same 
phenomenon could be observed under the action of concentrated KI solutions and 
in my opinion is due to increased hydration of the fibrils. Such a lyotropic in¬ 
fluence of concentrated KCNS and Kl solutions on hydrophylic colloids is well 
known. The fact that salt solutions with a dehydrating action (for example 
K 2 S0 4 solutions) caused an opposite change of the ultramicroscopie aspect, lent 
support to the view that in the case of KCNS the changes were due to increased 
hydration of the fibrils. After treatment with concentrated K^SO, solutions the 
fibrillar pattern became much more accentuated than in the normal fresh vitreous 
as would be expected from dehydration of the fibrils. 

In 2 A and stronger KCNS solutions the vitreous body undergoes a rapid 
shrinkage to a minute fraction of its original volume. This decrease could be 
explained in the sense that the increase of hydration under the action of KCNS 
must in the last resort lead to peptization of the fibrils and accordingly to pro¬ 
gressive solution of the framework of the vitreous. 

Moreover it could be demonstrated [1935] that the vitreous never showed an 
increase in volume in more concentrated KCNS solutions. On the contrary, at 
all concentrations between 0-2 and 0*3 N there was a diminution proportional to 
the concentration (Fig. 1). These experiments showed therefore that increase in 
hydration of the fibrils docs not cause increase in volume of the isolated vitreous. 

This fact was important in view of later investigations [1935] in which I 
observed an extensive increase in volume of the vitreous after removal of the 
salts which are normally present. This change in volume was not duo to increased 
hydration of the fibrils but was apparently connected with an augmentation of 
the capillary-electric charge of the fibrils. This increased oapillary-electric activity 
causes greater mutual repulsion of the fibrils which leads to enlargement of the 
interfibrillar spaces and causes more oapillary water to be taken up, so that the 
volume increases. 

In a reoent paper Duke-Elder & Davson [1935] questioned my interpretation 
of the shrinkage of the vitreous in concentrated KCNS solutions and expressed 
the view that the diminution in volume was not due to solution as indicated 
above but must on the contrary be regarded as the result of dehydration of the 
vitreous. 


( 2073 } 



2074 


J. GOEDBLOED 


This criticism caused me to make further investigations of the influence of 
KCNS solutions on the vitreous and to make identical examinations of some other 
salts for comparison. A brief report of the results of these experiments is given 
below. It will be shown that the action of KCNS on the vitreous is quite 
different from those of other salts. 



Fig. 1. Influence of KCNS solutions on the volume of the vitreous body. 


Volume 



Fig. 2. -Movement of the volume of the vitreous body in different salt solutions; 

-movement of the volume in distilled water. 


Exp. 1. Some fresh vitreous were plaoed in distilled water which was 
renewed every 24 hours. After about 3 days the beginning of an inorease in volume 
was to be observed. The maximum volume was reached after 6-0 days, and 
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amounted to 200% (Fig. 2, curve I). As mentioned above the increase is con¬ 
nected with an increase in capillary-electric charge of the fibrils after the 
removal of the salts [see Goedbloed, 1935]. 

Exp . 2. Some other vitreous were then placed in N K 2 S0 4 solutions. As is 
well known such a solution discharges hydrophylic colloids completely and acts 
moreover in a dehydrating manner. In this saline solution the vitreous de¬ 
creased in volume after 5 days to 75 % of the original volume (Fig. 2, curve 2). 
Thereupon the vitreous were put in distilled water which was several times 
renewed. By this treatment the salt was removed and after some days an increase 
in volume was observed to a maximum of 225 %. This experiment proved that 
the colloid-chemical changes of the vitreous after the preceding treatment with 
N KgSC^are completely reversible. The final volume reached in Exp. 2 was about 
the same as in Exp. 1. 

Exp . 3. The same experiment as described above was made with 3 N NaCl 
instead of K 2 S0 4 . In this solution after 2 days the vitreous underwent a decrease 
in volume to 70 % of the original. After removal of the NaCl in distilled water an 
increase in volume again set in; the final volume which was obtained was about 
200% (Fig. 2, curve 3). It should be noted that in concentrated NaCl solutions 
the decrease in volume is rather limited, and that here again the influence of the 
salt is completely reversible. 

Exp. 4. Comparative investigations were then made with concentrated (3 N) 
KCNS solutions. After measuring the volume of the fresh vitreous bodies, they 
were placed in the solution; a very rapid decrease was observed in the volume 
which after (5 hours was reduced to about fi % of the' original, after 24 hours to 
1 % and after 72 hours to 0*5 %. This change of volume is shown by curve 4 of 
Fig. 2. 

Exp. 4 a. Two vitreous bodies which after 0 hours in the KCNS solution had 
decreased to 6 % of their original volume w r ere placed in distilled water which 
was several times renewed. After removal of the KCNS an increase in volume 
was observed which after 72 hours reached a maximum of only 40% of the 
original (Fig. 2, curve* 4 a). 

Exp . 4 6 . The same experiment was repeated with some vitreous bodies left 
in KCNS solutions for 72 hours when the volume w r as 0-5% of the original. 
These showed the phenomenon to a still greater extent, since after removal of the 
salt in distilled water, a final volume of only 4 % of the original was obtained 
(Fig. 2, curve 4 b). 

Discussion. 

In discussing the experiments mentioned above, attention should first be 
paid to the different behaviours of the vitreous towards KCNS on the one hand 
and towards KgSC^ and NaCl on the other, as is shown by the curves 4,2 and 3 
of Fig. 2. If, as Duke-Elder & Davson thought, the rapid decrease in volume in 
KCNS were due to simple dehydration of the fibrils of the vitreous, this noticeable 
difference in the curves would remain unexplained. It is evident that the obser¬ 
vations concerning the action of KCNS point more to peptization than to 
simple dehydration. By such peptization the greater part of the fibrillar proteins 
(and perhaps also of the other proteins of the vitreous) would be dissolved in the 
surrounding liquid so that naturally the residue of the vitreous after washing 
with distilled water would regain a smaller volume than after treatment with 
KjSQ* or NaCl. Here it must be repeated that this view is in complete accordance 
with the observations on the action of concentrated KCNS solutions on the 
ultramicroscopic aspect of the structure of the vitreous as mentioned at the 
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beginning of this paper. In this connexion it is to be noted that Duke-Elder & 
Davson reported increased extensibility of the structure of the vitreous after 
treatment with KCNS, which in my opinion can only be ascribed to increase in 
hydration of the fibrils. In this respect the conclusion of the authors about the 
dehydrating action of KCNS is not in keeping with the results of their own 
investigations on the elasticity of the vitreous. 

Summary. 

A brief report is given of investigations of the action of concentrated KCNS 
solutions on the volume of the vitreous body, in which it is shown that the 
decrease in volume after treatment with KCNS is largely irreversible. This result 
is in accordance with earlier investigations of the influence of KCNS on the ultra- 
microscopic aspect of the vitreous, and with the result of experiments by Duke- 
Elder & Davson on the extensibility of the framework of the vitreous after 
treatment with this salt. The experiments indicate that in greater concentrations 
KCNS acts as hydrating agent and in the last resort causes peptization of the 
greater part of the vitreous proteins. 
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CCXCII. ASCORBIC ACID OXIDASE FROM 
DRUMSTICK, MORINGA PTERYGOSPERMA . 1 

By MUDAMBI SRINIVASAN. 

From the Biochemical Laboratory , University of Madras, Madras . 

{Received 7 September 1936.) 

The high content in ascorbic acid of the pods of the drumstick tree, Moringa 
pterygosperma , was demonstrated by Dainodaran & Srinivasan [1935], using 
the Tillmans-Harris method. The starting point of the present investigation was 
the observation that the press juice from this material, in contrast to its tri¬ 
chloroacetic acid extract, exercised no reducing action on 2:6-dibromophenol- 
indoplienol. That this anomalous behaviour was due to a vigorous enzymic 
oxidation of ascorbic acid in the press juice became evident from further experi¬ 
ments which showed, in the first place, that the juice when added to other 
normally stable sources of ascorbic acid such as orange juice or the press juice of 
Phyllanthus emblica caused a rapid diminution in their ascorbic acid content and 
secondly that if the drumstick pods in the intact condition were first immersed 
for a short time in boiling water, the juice obtained on pressing had a Tillmans 
titre practically equivalent to, or slightly higher than, that of a trichloroacetic 
acid extract. 

Studies on the enzymic oxidation of ascorbic acid w'ere begun by Szent- 
Gyorgyi [19281 who concluded that the oxidation of ascorbic acid by plant tissues 
was due to peroxidase acting through the intermediary of a phenolic compound, 
the phenol being first oxidized by peroxidase to the quinone which in turn oxidized 
the ascorbic acid, presumably without the intervention of a second enzyme. In 
later communications [1930; 1931] he modified this view and postulated the 
existence in cabbage juice of a specific ‘‘hexoxidase” which was responsible for 
the oxidation of ascorbic acid. From a study of the kinetics of the reaction which 
showed that the rate of oxidation increased with increasing concentrations of 
substrate, the conclusion was drawn that this oxidizing enzyme was of a complex 
nature and involved the intervention of an intermediate substance ‘ x”. 

Zilva [1934] also described experiments to show that Bramley’s seedling 
apples contained an enzyme, distinct from and unconnected with peroxidase, 
which was capable of reversibly oxidizing vitamin C and which he considered to 
be similar in nature to Szent-Gyorgyi’s “hexoxidase”. 

During the course of the present work Tauber el al . [ 1935] have demonstrated 
the presence in the pericarp of Cucurbita maxima of a specific oxidase for ascorbic 
acid, which differs in many respects from Szent-Gyorgyi’s “hexoxidase”. 

The enzyme from M. pterygosperma now described presents few analogies 
with Szent-Gyorgyi’s ‘‘hexoxidase”, but appears to be similar in most respects 
to that obtained by Tauber et al . from C. maxima. In the presence of molecular 
oxygen ascorbic acid is oxidized by it directly and specifically to its reversible 
first oxidation product; there is no evidence of the intervention of an inter¬ 
mediate carrier. A very active concentrate capable of quantitatively oxidizing 
large amounts of ascorbic acid in an extremely short time is readily obtained by 
1 First appeared as a letter in Current Science , 4 , 407 (1935). 
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fractional precipitation of the press juice with ammonium sulphate. Such a 
preparation has no action upon guaiacum, benzidine, catechol, pyrogallol or 
p-phenylenediamine, showing the absence of a polyphenol or an indophenol 
oxidase. On the other hand, it always shows peroxidase activity, blueing guaia¬ 
cum in the presence of H 2 0 2 . The differential action of inhibiting agents, how¬ 
ever, leaves no doubt of the fact that the oxidation of ascorbic acid is entirely 
independent of the presence of peroxidase. Thus, after treatment with acetone 
or alcohol the preparation has little oxidizing action on ascorbic acid, though the 
peroxidase remains unimpaired (Table II). On the other hand, 10~ 4 M cyanide 
completely inhibits the reaction with guaiacum and H 2 0 2 , while 65% of the 
original capacity to oxidize ascorbic acid is still retained (Table III and Fig. 2). 
Further, in the press juice of the radish, Baphanus sativus , which contains both 
ascorbic acid and a peroxidase, the latter is without action on the former. Szent- 
Gyorgyi also showed [1928] that a purified peroxidase preparation is without 
action on ascorbic acid. In the present instance the usual colour reactions gave 
no evidence of the presence of a phenol or a quinone. No mention is made by 
Tauber et al. [1935] as to the presence or absence of peroxidase in their ascorbic 
acid oxidase preparation from C. maxima . 

A study of the course of the oxidation of ascorbic acid by the enzyme from 
drumstick reveals that it is unimolecular (Table IV). The rate of oxidation is 
proportional to enzyme concentration (Table VI) and is unaffected by increasing 
quantities of substrate. 

In one important respect, viz., in its sensitiveness to cyanide, ascorbic acid 
oxidase from drumstick differs from the corresponding enzyme in C. maxima , as 
well as from “hexoxidase”. While both the latter enzymes have been shown to 
be affected only by high concentrations of cyanide (0-01 %), the activity of the 
enzyme from drumstick is greatly inhibited by 10~ 3 M cyanide or H 2 S (Table III 
and Fig. 2). Even 10~ 5 M cyanide has a definite inhibitory effect. 

Experimental. 

Preparation of the enzyme . From preliminary experiments it was found that 
by treating the pressed juice of drumstick with solid (NH 4 ) 2 S0 4 to 1/9 saturation 
(5 %), an inert precipitate was thrown down, while the resulting filtrate contained 
almost the whole of the original enzyme activity; further saturation of the active 
filtrate with (NH 4 ) 2 S0 4 to 3/4 saturation (35 % final concentration) precipitated 
most of the enzyme, the filtrate being practically inactive. The following pro¬ 
cedure was therefore adopted in preparing the enzyme. 

About 15-20 drumsticks, weighing nearly 700 g, with the outer skin scraped 
off, were passed through a mincer, the juice pressed out and centrifuged for 
20 min. The greenish yellow supernatant liquid (about 400 ml.) was cooled in 
ice and (NH 4 ) 2 S0 4 added to a concentration of 5 %. The heavy precipitate settling 
down on standing in the ice-chest overnight was filtered off and the resulting 
brownish yellow filtrate further treated with (NH 4 ) 2 S0 4 to a final concentration 
of 35%. The fine precipitate which appeared was separated by centrifuging 
(3000 r.p.m.) for half an hour, dispersed in about 5Q ml* of water and filtered. 
The clear yellow filtrate thus obtained possessed powerful enzyme activity and 
was the material used for all experiments described here. Kept under toluene in 
the refrigerator, such a preparation retained its activity undiminished for over a 
month. 
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Methods. 

Water, redistilled four times in all-glass (pyrex) apparatus was used for 
making up all the experimental solutions. A solution of ascorbic acid (B.D.H.) 
prepared in glass-distilled water and brought to pH 5-3 ( v . infra) with NagCC^ 
served as substrate, the exact strength of this solution being determined by 
titration against standard iodine (N/2QQ). 

Table I. Oxidation of ascorbic acid at different pH values. 

Mcllvaine’.s citric acid-phosphate buffer Sorensen’s phosphate buffer 



Ascorbic acid 


Ascorbic acid 


oxidized 


oxidized 

pH 

O' 

pH 

,o 

30 

27-94 

5-3 

100-00 

3*4 

00-89 

5-0 

100-00 

38 

70-47 

5-9 

90-10 

4*2 

85-31 

0-5 

84-03 

4-0-5-0 

89-71 

0*8 

07-32 

f>- 8 

82-75 

7-2 

42-32 

00 

81-04 

8-0 

23-08 

0*4 

08-90 

— 

— 

0*8 

44-82 

--- 

— 

7*2 

34-48 

— 

— 

70 

24-14 

— 

— 



Fig. 1. Activity-j>H curves for ascorbic acid oxidase. 
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The reaction mixture was contained in 50 ml. beakers held in a thermostat 
at 37°. After the addition of enzyme and during its action, the contents of the 
beaker were kept well stirred. Enzyme action was arrested, when desired, by 
adding acetic acid to the reaction mixture, in which unoxidized ascorbic acid was 
determined at any time by titrating against a standard solution of 2:6-dibromo- 
phenolindophenol. 

Control experiments were run under identical conditions, but with the boiled 
enzyme. Though stock solutions of ascorbic acid prepared as described suffered 
no oxidation on standing for two or three days in stoppered bottles, the control 
experiments, conducted as they were in open beakers and with the probable 
metallic contamination from the boiled enzyme showed small decreases in the 
Tillmans titres. Such decreases were extremely minute compared with those 
caused by the enzyme; the corresponding corrections were, however, made in the 
experimental values. 

The optimum pH for enzyme action . 

Mcllvaine’s phosphate-citric acid and Sorensen’s phosphate buffers were used 
for obtaining solutions of various reactions. The oxidation taking place in 3 min. 
at 37° in 5 ml. of a reaction mixture composed of 0-4 mg. ascorbic acid, 0*1 ml. 
enzyme and 1 ml. of buffer solution of the desired pH was determined by titration 
of the unoxidized ascorbic acid. 

From Table I and Fig. 1 it will be seen that the optimum reaction for 
this enzyme lies over a range pH 4*6-5*6 in citric acid-phosphate buffer and 
5*3-5-6 in phosphate buffer, the natural pH of the press juice of drumstick being 
5*6-5*8. Further, the extent of oxidation of ascorbic acid by the enzyme is 
greater in the latter than in the former buffer. In all subsequent experiments 
phosphate buffer of pH 5*3 (9-75 ml. if/15 NaH 2 P0 4 + 0-25 ml. if/15 Na 2 HP0 4 
mixture according to Sorensen) was therefore used. 

Nature and extent of oxidation of ascorbic acid by the enzyme. 

The reaction does not proceed in the absence of oxygen, no oxidation taking 
place in evacuated Thunberg tubes. 

The enzyme oxidizes ascorbic acid to its reversible oxidation product as is 
evident from the following experiment: 0*5398 mg. ascorbic acid was completely 
oxidized (as judged by a zero Tillmans titre in a duplicate experiment) by 
0*1 ml. enzyme at pH 5*3 at 37°. Through the oxidized solution HjS was bubbled 
for 10 min. and the solution kept overnight in a stoppered flask. H^S was then 
completely removed by a current of carbon dioxide; the solution then had an 
ascorbic acid content of 0*5202 mg. 

Action of the enzyme on other compounds, 

Guaiacum, benzidine, catechol, pyrogallol and p-phenylenediamine were not 
affected by the enzyme preparation, suggesting that the enzyme, which oxidizes 
ascorbic acid, is not a polyphenol or an indophenol oxidase. 

All these substances were oxidized by the enzyme preparation in the presence 
of H 2 0 2 , indicating the presence of peroxidase, but the following experiments 
show that the peroxidase action was totally unconnected with the oxidation of 
ascorbic acid. 

Effect of alcohol or acetone on ascorbic acid oxidase and peroxidase . 

2 ml. enzyme solution were treated in a 15 ml. centrifuge-tube with 4 vol. 
of 95 % ethyl alcohol, methyl alcohol or acetone. The precipitate fortaed in eaoh 
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case was separated by centrifuging and redispersed in 2 ml. water. The super¬ 
natant liquid was evaporated at a low temperature in vacuo and the resulting 
residue also taken up in 2 ml. water. The enzymic activities of these two fractions 
were compared with that of the untreated enzyme preparation. The results are 
given in Table II. 

Table II. Effect of alcohol or acetone on ascorbic acid oxidase . 

Reaction mixture: 0 /5 mg. ascorbic acid, 0*1 ml. enzyme in a total volume of 5 ml. at 

pH 5*3 at 37°. 

Ascorbic acid 
oxidized in 2 min. 


1. Untreated enzyme 77*52 

2. Enzyme treated with ethyl alcohol 8*90 

3. Enzyme treated with methyl alcohol 2*00 

4. Enzyme treated with acetone 2G-97 

5. Filtrates from 2, 3 or 4 0*0 


The enzyme is thus seen to be highly sensitive to ethyl or methyl alcohol and 
to a less extent to acetone. The jjeroxidase activity of the preparation as studied 
qualitatively by the colour developed with a solution of pyrogallol in the presence 
of H 2 0 2 , remained unimpaired by such treatment. 


Effect of cyanide or H 2 S on ascorbic acid oxidase and peroxidase. 

The action of the enzyme on ascorbic acid under standard conditions was 
studied with and without the addition of cyanide or H 2 S. Simultaneously, per¬ 
oxidase activity was also studied qualitatively as before. 

Table III. Effect of cyanide or IIoS on ascorbic acid oxidase and 

peroxidase. 

Reaction mixture: 0*3 mg. ascorbic acid, 0*1 ml. enzyme in a total volume of 5 ml. at 

pH 5-3 at 37°. 


Ascorbic acid oxidized (%) 


/----> 


Time 


Enzyme 

Enzyme Enzyme 

Enzyme 

Enzyme 

in 


+ 10“* 

+ 5*io~*J/ + 10~* M 

+ 10~ 3 il/ 

+ 10“ 8 JU 

min. 

Enzyme 

KCN 

KCX KCX 

KCN 

h 2 s 

1 

33*88 

29*03 

25*81 22*58 

6*45 

6*34 

2 

56*45 

53*23 

46*77 43*55 

9*68 

11*11 

3 

75*82 

70*98 

67*75 64*52 

12*9 

14*29 

4 

90*33 

88*72 

85*49 82*26 

14*52 

— 

Peroxidase 

-i- 

± 

- 

- 



activity 

From the above table and the graphs in Fig. 2, the inhibitory influence of 
cyanide or H 2 S at low concentration is evident. Slight though definite inhibition 
of the oxidation of asoorbic acid takes place even at a cyanide concentration of 
10~ 5 M. But the effect is marked only above a concentration of 10“ 4 M. Per¬ 
oxidase activity, on the other hand, ceases completely long before such a concen¬ 
tration of cyanide is reached. 

Enzyme kinetics. 

Order of the, reaction. The oxidation of ascorbic acid by the enzyme is a reaction 
of the first order, as is seen from the calculated values for the velocity constant 
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given in the last column of Table IV. For this particular experiment a very 
dilute solution of 2:6-dibromophenolindophenol, equivalent to 0*05 mg. ascorbic 
acid per ml. was used to ensure greater accuracy. 



Fig. 2. Effect of KCN or H g S on ascorbic acid oxidase. 


Table IV. Rate of oxidation of ascorbic acid by the enzyme . 


Reaction mixture:-0*41 mg. ascorbic acid, 0*1 ml. enzyme in a total volume of 5 ml. at 

pH 5*3 at 37°. 



Ascorbic acid 


Time in 
min. 

oxidized 

% 

1 

22*67 

0*11160 

2 

38*68 

0*10660 

3 

62*00 

0*10633 

4 

62*67 

0*10697 

5 

70*68 

0*10652 

7 

82*00 

0*10639 


Relation between concentration of enzyme and its action . Mixtures of 1 ml. 
ascorbic acid solution containing 0*41 mg. of acid, 1 ml. phosphate buffer 
pH 5*3 and varying quantities of glass-distilled water to make the final volume 
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after the addition of enzyme 5 ml., were incubated with different quantities of 
enzyme at 37° and the rate of oxidation determined by titration. The results are 
given in Table V. 


Table V. Influence of the concentration of enzyme on the rale of oxidation 

of ascorbic acid . 


Tjmii ir, 


mg. ascorbic acid oxidized by 

_A_ 


J.IU1C 111 

min. 

r 

0*3 ml. enzyme 

0-2 ml. enzyme 

0-1 ml. enzyme 

0-05 ml. enzyme 

1 

0-2033 

0-1621 

0-09344 

004397 

2 

0-3243 

0-2583 

0-1597 

0-08245 

3 

— 

0-3243 

0-2061 

0-1099 

4 

— 

— 

0-2583 

— 

5 

— 

— 

0-2913 

0-1759 

7 

— 

— 

0-3380 

0-2199 

10 

— 

— 

— 

0-2859 



1234 56 789 10 II 12 

Time: min. 


Fig. 3. Enzyme concentration and ascorbic acid oxidation. 

The above results are plotted graphically in Fig. 3. From these graphs the 
results given in Table VI were obtained. 

From Table VI, it is clear that the rate of oxidation of ascorbic acid is 
directly proportional to enzyme concentration. 

SubstrcUe concentration and enzyme action . 5 ml. reaction mixture composed 
of I ml. phosphate buffer pH 5-3, 0*2 ml. enzyme and different quantities of 
ascorbic acid ranging from 0*5633 to 4*893 mg. were incubated for 3 min. at 37°. 
The amount of ascorbic acid oxidized at the end of the interval was determined in 
each case. 0*4074 mg. ascorbic acid was uniformly oxidized, showing that under 
these conditions the rate of oxidation is unaffected by increasing quantities of 
substrate. 


134—2 



2084 


M. SRINIVASAN 


Table VI. Enzyme concentration and ascorbic acid oxidation. 


Enzyme quantity 

Time in 


Ascorbic acid 

ml. 

min. 


oxidized 

(E) 

(T) 

ExT 

mg. 

0-30 

1-0 

0-3 

0-2150 

0-30 

2-0 

0*6 

0-3125 

0*20 

1-5 

0*3 

0-2175 

0-20 

30 

0*6 

0-3200 

010 

30 

0-3 

0-2150 

010 

6-0 

0*6 

0-3150 

005 

6-0 

0*3 

0-2025 

0-05 

12-0 

0*6 

0-3200* 


* Obtained by extrapolation. 


Summary. 

1. Prom the press juice of the drumstick, Moringa pterygosperma an enzyme 
preparation has been obtained which, in presence of oxygen, oxidizes ascorbic 
acid to its reversible oxidation product. 

2. The enzyme does not oxidize guaiacum, benzidine, catechol, pyrogallol or 
p-phenylenediamine. 

3. There is present in the preparation a peroxidase which, however, has been 
shown to have no role in the oxidation of ascorbic acid. 

4. The oxidation of ascorbic acid by the enzyme is a reaction of the first 
order. The rate of oxidation is directly proportional to enzyme concentration 
and above a certain limit is unaffected by increasing quantities of substrate. 

5. From the above findings, the ascorbic acid-oxidizing action of the 
preparation is to be attributed to an oxidase therein specific for ascorbic acid. 

6. Low concentrations of cyanide or H 2 S inhibit the activity of the enzymes. 
It is destroyed almost completely by alcohol and partially by acetone. 

The author is very grateful to Prof. M. Damodaran for his interest in the 
investigation. 
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It has been shown [Neuberger, 1936] that the dissociation constants of simple 
zwitterions which contain only one carboxyl and one amino-group are quanti¬ 
tatively related to their structures; similarly the change of their apparent 
dissociation constants with the ionic, strength of the solution of the different 
amino-acids can be satisfactorily explained on such a basis. This paper represents 
an extension of the previous work to a more complex zwitfcerion, namely glutamic 
acid. It was deemed desirable to determine also the dissociation constants of the 
different esters of glutamic acid and in this connexion the preparation of a-ethyl 
hydrogen glutamate is described. 


Experimental. 

Preparation of compounds . 

OL-Ethyl hydrogem glutamate. 1 JV-Benzylcarbonylglutamic anhydride [of. 
Harington & Mead, 1935] (20 g.) and alcohol (100 ml.) were heated in a sealed 
tube for 3J hours at 125°; the solution was concentrated to low bulk, diluted 
with ether and extracted with aqueous sodium bicarbonate. The aqueous solution 
was acidified and extracted several timos with ether ; the combined ethereal 
extracts were dried and evaporated leaving an oil which slowly crystallized. 
After recrystallization from ether the a -ethyl hydrogen N -benzylmrbonylgluta- 
mate thus formed had m.p. 100°. Yield 25%. (Found: N, 4*58%. C 15 H 19 O e N 
requires: N, 4-53%. 22-1 mg. required 3-6 ml. N/5 0 NaOH for neutralization 
to cresol red; C 15 H 19 O e N titrating as a monobasic acid requires 3-57 ml.) 

The above a-ethyl hydrogen N -benzylcarbonylglutamate (4*5 g.), dissolved in 
a little 80% alcohol containing HC1 (1 equiv.) was reduced with hydrogen and 
palladium black; the filtered solution was evaporated in vacuo and the residue 
taken up in a little 90 % alcohol, adjusted to pH 6*0 with lithium hydroxide and 
placed in a desiccator at 400 mm. pressure over a dish of absolute alcohol. 
Crystallization soon set in and was complete in 2 days. Recrystallization in a 
similar manner yielded a -ethyl hydrogen glutamate having m.p. 110°. (Found: 
N, 7*85%. C 7 H 18 0 4 N requires N, 8-01 %.) The ester is very soluble in water, 
aqueous alcohol and aqueous acetone, but only sparingly soluble in absolute 
alcohol. 

1 Treatment of N -benzylearbonylglutamic anhydride with sodium ethoxide in the cold 
according to Melville [J934] gives a mixture of a- and y-esters; thus a sample of the oily product so 
obtained yielded, on hydrogenation, approximately 30 % of y-ethyl hydrogen glutamate, whilst 
another sample on long keeping, deposited crystals of a-ethyl hydrogen N -benzyloar bonyl- 
glutamate; the different treatment described above, which gives a more uniform product, was 
therefore adopted. 
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y-Ethyl hydrogen glutamate was prepared according to Bergmann & Zervas 
[1933]. 

Ethyl glutamate hydrochloride was obtained by esterification of glutamic acid 
in the usual manner and was twice recrystallized. 

Glutamic acid was a carefully recrystallized commercial specimen. 

Potentiometric methods. 

Measurements were made as previously described [Neuberger, 1936]. The 
liquid junctions which were made inside a cylindrical tube of 3 mm. internal 
diameter were initially very sharp; the potentials were generally constant for 
many hours within 0*1 mv. The esters, which were very stable at acid reaction, 
were hydrolysed with varying ease in alkaline media; in order to prevent local 
excess of alkali therefore NaOH was added to the mechanically stirred solution 
of the ester and the mixture transferred to the cell, mixing and transference being 
effected in an atmosphere of hydrogen freed from traces of C0 2 . Readings were 
taken after suitable intervals; the potentials were plotted against time and extra¬ 
polation to zero time was made. The initial drift in potential was about 1 mv. 
per 10 min. in the case of pK 2 of y-ethyl hydrogen glutamate at a pH of about 
8-8 and 1-2 mv. per hour in the case of ethyl glutamate at a pH of about 7*2; 
oc-ethyl hydrogen glutamate was quite stable under the conditions of the 
measurements. 

Results. 

In Table I the results of the potentiometric measurements are recorded. 
Column 1 gives the potentials corrected for barometric pressure; in column 2 the 
potentials are recorded after correction for liquid junction. In column 3, 
a denotes the degree of neutralization, c in column 4 gives the total concentration 
of the add or base present. The ionic strength was varied by addition of KCl. 
The apparent dissociation constants were determined as described; the values 
are generally accurate within ±0*01. In the case of a very low pK (pK x of 
glutamic acid and of y-ethyl hydrogen glutamate) the large blank correction 
causes the margin of error to be higher. In the cases of pK t of y-ethyl hydrogen 
glutamate and pK of ethyl glutamate measurements are also less reliable owing 
to hydrolysis and/or lactam formation. The value of pK s ° of glutamic acid is 
also only accurate ± 0-03, since the correction for ionic strength is larger. 

Discussion. 

The dissociation constants of glvtamic acid . 

Several equilibria are involved in the dissociation of glutamic acid and it is 
necessary to consider these in some detail. Glutamic acid can be regarded as a 
tribasic acid of which the most acidic form is a cation. The first step consists 
in the dissociation of H + from the cation according to one of the three reactions : l 

HOOC.CH(NH,+)CH 1 .CH a .COOH ~OOC.CH(NH a +)CH t .CH, .COGH+H+ .(la), 

a h 

HOOC.CH(NH # +)CH t .CH,.COOH HO(XJ.CH(NlH t +)CH l .CH i .COO~+H+ .(1 b), 

a b % h 

HOOC. CH(NH S +)CH,. CH,. COOH — HOOC. CHfNH^CH,. CH*.COOH +H+ .(1«). 

a 6. h 

• « 

1 The letters a, b etc. beneath the equations are arbitrary signs to denote the different ionio 
species and are used for brevity in the equations developed later in this paper. 
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Table I. Potentiometric measurements. 


P&i 


pK t 


pK t 


M'i 


pK t 


P«i 


pK t 


E 

■&COIT. 

a 


c 

/* 

pK 



Glutamic acid. 



495*3 

493*4 

50*0 


0*008 

0*008 

2*683 

495*8 

494*4 

50*0 


0*008 

0*020 

2*705 

497*7 

497*5 

50*0 


0*008 

0*084 

2*757 



II 

°H 

155 (corrected). 



590*9 

589*5 

51*0 


0*008 

0*008 

4*313 

564*5 

563*1 

25*0 


0*008 

0*006 

3*867 

590*7 

589*4 

51*0 


0*008 

0*014 

4*311 

589*4 

588*3 

51*0 


0*008 

0*020 

4*292 

588*0 

587-3 

51*0 


0*008 

0*044 

4*275 

585*0 

584*7 

51*0 


0-008 

0*084 

4*232 

618*4 

617*0 

75*0 


0-008 

0-008 

4*772 




= 4-324 (corrected). 



920*4 

919*0 

55*5 


0-008 

0-016 

9*883 

893*7 

892*3 

29-5 


0-008 

0*012 

9*432 

947*9 

946*5 

79-8 


0*008 

0-021 

10*348 

909*1 

909*4 

55-5 


0-008 

0-173 

9-721 

912-0 

911*8 

55*5 


0*008 

0-096 

9-762 

913-9 

913*3 

55*5 


0*008 

0*060 

9*787 

915-6 

914*7 

55*5 


0*008 

0-040 

9*813 





= 9*960. 





a-Ethyl hydrogen glutamate. 


562*4 

560-9 

55*2 


0*00725 

0*004 

3-829 

562*9 

561*4 

55*2 


0*00725 

0*009 

3*837 

563*2 

562-3 

55-2 


0*00725 

0-014 

3*853 

563-6 

562*9 

55*2 


0*00725 

0-02 

3*863 

565*6 

565*2 

54*6 


0*00725 

0*044 

3*902 

563*6 

563*4 

55*9 


0*00725 

0-084 

3*870 

590*7 

589*3 

27*6 


0-00725 

0*002 

4*311 

534*5 

533*1 

80*3 


0-00680 

0-006 

3359 

535*5 

534*1 

80-3 


0*00725 

0-008 

3*376 



^3 

1. 

= 3*846. 



770*8 

769*4 

73*5 


0-00725 

0*0058 

7-355 

769*7 

768*6 

73-5 


0-00725 

0*02 

7*340 

768*2 

767*6 

73-5 


0*00725 

0-042 

7*323 

744*0 

742*6 

88-8 


0*00725 

0*005 

6 901 

770*5 

769*4 

73*7 


0*008 

0-008 

7*354 

771*4 

770*4 

73-1 


0-008 

0-014 

7*372 

769-0 

768*7 

72*5 


0*00725 

0*048 

7*341 


pK£ = 7-838. 


y* Ethyl hydrogen glutamate. 


503*4 

501*4 

31*8 

0*01257 

0-008 

2*823 

523*3 

521-4 

15*9 

0-01257 

0*008 

3*151 

490*4 

488*4 

47*7 

0*01257 

0*008 

2*605 

502*4 

500*9 

31*8 

0*01257 

0*014 

2*817 

496*4 

495*6 

50*0 

0-008 

0*025 

2*725 

497*3 

496*8 

50*0 

0*008 

0*044 

2*745 

499*1 

498*2 

50*0 

0*008 

0*084 

2*769 

499*3 

499*6 

50*0 

pKf 

0*008 
= 2*148. 

0*244 

2*793 

846*6 

845*1 . 

76*0 

0*008 

0*008 

8*635 

874*4 

873*0 

52*0 

0*008 

0*008 

9*104 

859*5 

858*1 

66*4 

0*008 

0*008 

8*854 

840*0 

838*6 

80*8 

0*008 

0*008 

8*524 




Ethyl glutamate. 


752*4 

751*0 

52*1 

0*008 

0*008 

7*093 

753*0 

751*9 

52*1 

0*008 

0*016 

7*058 

753*7 

752*9 

52*1 

0*008 

0*024 

7*075 

756*8 

756*5 

52*1 

0*008 

0*084 

7*136 

722*0 

720*6 

76*1 

pK* 

0*008 
= 7*035. 

0*008 

6*530 


pK 

2*129 

2*146 

2*188 


4*293 

4*301 

4*288 

4*262 

4*244 

4*198 

4*295 


9-807 

9*818 

9*813 

9*641 

9*683 

9*716 

9*741 


3-881 

3-888 

3*905 

3*915 

3*946 

3*931 

3*876 

3*871 

3*886 


7*801 

7*786 

7*766 

7*800 

7*802 

7*806 

7*760 


2*184 

2*185 

2*172 

2*164 

2*180 

2*200 

2*223 

2*207 


9*141 

9*168 

9*169 

9*150 


7*080 

7*095 

7*112 

7*172 

7*065 
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Reactions (la) and (16) lead to zwitterions, whilst reaction (Ic) produces an 
uncharged molecule. For electrostatic reasons most of the cations will react 
according to (1 a) rather than (16). From what is known of the order of magnitude 
of the dissociation of the amino-group in amino-acids and their esters and 
especially from the relative values of the dissociation constants of the esters of 
glutamic acid given in this paper it can be assumed that the dissociation of the 
NH 3 + group is negligible compared with the dissociation of either of the two 
carboxyl groups. Reaction (lc) can therefore be neglected and the second step 
can be written as follows: 


“OOC.CH(Nd 3 + )CH 2 .CH 2 .COOH -OOC.CH(NH 8 +)CH 2 .CH 2 .COO*- + H^ .(2a), 

fej c h 

HOOC.CHfNHa+JCHj.OH a .C()0~ -OOC.CH(NH 8 +)CH a .CH a .COO“ -<-H+ 

6 a c h .(26). 


In order to obtain the individual equilibrium constants of the reactions 
(la), (16), (2a) and (26) certain additional assumptions must be made, since 
actual measurements only give overall constants K ± and K 2 which may be 
defined by the equations 




(b t +b,)h 


•(3), 


^ __ c.h 

Vg ~(6 1 -f 6 2 ) 


(4). 


In glutamic acid K x is only about 100 times larger than K 2 ; the large value 
of K x renders it necessary to perform measurements for the determination of 
K y at pH values where reactions (2a) and (26) cannot be neglected. The formula 
generally used for the calculation of dissociation constants from potentiometric 
measurements therefore leads to incorrect results. 

In order to correct for the effect of overlapping of the two steps of dissociation 
we proceed as follows. To a solution of ionic strength fi containing A mol. of 
glutamic acid we add B mol. of HC1 or NaOH respectively, B having a positive 
sign if acid is added and a negative sign if alkali is added. Since the solution as a 
whole is electrically neutral we have then, neglecting OH" , 


and further 


a-c + h—B 
— logi-pH— 


a -I” 6j 6 3 *i“ c — A 

By combining (3), (4), (5) and (7) we get 

a _(B-h){h* + K x h + K x K % ) 
~ h*-K x K 2 

If we now write for convenience A 


B-h 


=ra, 


we get 


Ki" 


(m - 1 ) h* 
K t +h 


(5) , 

( 6 ) , 
(7). 


.( 8 ). 


In order to determine K 1 and K t at least two measurements with differing 
m and h must be made. If solution I contains A mol. of glutamic acid, B t mol. of 
HC1 (B l < A) and h x mol. of H + while solution II oontains A mol. of glutamic 
acid, —B t mol. of NaOH (absolute value of B t <A) and h t mol. of H + , we then 

k &Ve K (w t -i) y 

Al “(«i x + l)Jr,+A l (w,+l) Kt+K,- 
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From this expression we get finally 




(m^ 1) kj-(m x - 1) h Y 


.(9), 


and similarly 


.(9a). 


1 (ro,+ 1) \m x - 1) h l 2 - (m l + 1) (% - 1) 

K = ( m a + 1 ) ( m i ~ *) K*-( m i + 1) (™z - 1) A 2 2 

1 (t/tg + l) ~(m t f 1) ^ 

It can be seen that if h 2 is small compared with h t equations (9) and (9 a) give 
the formulae for an ordinary acid. The values obtained from (9) and (9a) have 
to be corrected for activity in order to give the thermodynamic constants. For 
small ionic strengths it can be assumed that the activity coefficient of the 
zwitterionic form of glutamic acid can be neglected and that the activity 
coefficients of H + and of the cation of glutamic acid are equal. pK x ° is then 
equal to the negative logarithm of the “concentration constant”. is given 

by(1 ° ): M7=-logA' 2+r >^ .(10). 


The correction introduced by employing equations (9) and (9a) instead of the 
formulae for an ordinary acid is under the conditions of the experiments about 
0*08 for pK^ and only 6*01 for pK 2 °. 

As pointed out above the constants pertaining to the individual reactions 
(la), (16), (2a) and (26) cannot be obtained from the actual measurements; but 
the constants of the individual reactions K x , K x , K 2 and K 2 are related to the 
overall constants K x and K 2 by the equations: 


A\ = Ay + AY 

-U.L+ *- 

A r 2 AV T r 2 


..( 11 ), 

(li«), 


[vide Wegscheider, 1895; Adams, 1916; Bjerrum, 1923]. 
From (3), (4), (11) and (ll«) we get 



( 12 ). 


It is well known that the effect of COOH as substituent on the dissociation of 
another carboxyl group is more or less equal to the effect of COOEt. We may 
assume therefore that K x is equal to the first dissociation constant of a-ethvl 
hydrogen glutamate. If this assumption is correct the value obtained for K x 
should be equal to K x of y-ethyl hydrogen glutamate. Actually, we find 
^AT/^2-164, whilst the experimental value for pK x ° of y-ethyl hydrogen 
glutamate is 2*143. From (11a) we got p^ = 4*315 and pAY = 2*633. 

It has been pointed out by Wegscheider [1895] that for a symmetrical dibasic 
acid K x , the overall constant must be for statistical reasons twice as large as 
K x , the individual constant of each group. For an unsymmetrical dibasic acid, 
however, the statistical factor is very small [Bjerrum, 1923]. This is shown very 
well in the case of glutamic acid, where one carboxyl group is adjacent to NH^ 
and the second carboxyl removed therefrom by two carbon atoms. Here the 
statistical factor causes an increase only of about 2 % in K x . 

A solution of glutamic acid contains, apart from several ionic species, two types 
of zwitterions resembling respectively a- and y-aminobutyric acid. Their ratio is 
equal to q which is about 48, i.e. most of the zwitterions are of the a-amino-acid 
type. 

Change of apparent dissociation constant with ionic strength . 

The first dissociation constant of glutamic acid should, at low ionic strength, 
show the behaviour of a cationic acid, since the activity coefficient of the 
zwitterionio form can be neglected under these conditions; the second constant 
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on the other hand, should be that of an ordinary acid. Experimental data show 
that this is approximately the case. The third step in the dissociation is 
represented by the formula 

“OOC. CH(NH 3 +)CH 2 . CH 2 . COO- “OOC. CH(NH 2 ). CH 2 . CH 2 . COO"+H+ 

It may be assumed that in the first ion the two opposite charges, NH S + and 
a-COO~, neutralize each other and the ion can be regarded as univalent, whilst 
the second ion is bivalent. We therefore should have 

But the experimental data do not fit this formula satisfactorily. This may be due 
to the fact that the ionic diameter of the bivalent ion is rather large and the 
simple formula is only approximately correct in the case where the two charges 
of the bivalent ion are not far apart. If the ionic diameter is assumed to be 
6 A., which is a very probable value, we get excellent agreement as shown in 



Fig. 1. Variation of pK 9 of glutamic acid with ionic strength of solution. The curve is drawn 
observatfon^ ec l uation =9-96 - ; the crosses represent experimental 


Fig. 1. 

form 


The formula used for the extrapolation of pK u ° 
PX,°-PK, + 


can now be written in the 


In all other rases the simple formulae for oationic acids and ordinary acids 
can be applied, since the activity coefficients of the zwitterions can he neglected 
with the small ionic strengths used. 
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Dissociation constants and structures . 

Table II gives the dissociation constants of glutamic acid, its esters and of a 
number of related compounds. The dissociation constant of ethyl hydrogen 
glutarate has not been measured, but it can be estimated by using the rule 


Table II. Dissociation constants . 


n-Butyrio acid 

First COOH 
4-820 

Second COOH 

NH, 

Glutaric acid 

4-337+ 

5-420+ 

_ 

Ethyl hydrogen glutarate 

4*638f 

— 

— 

Alanine 

2-340 

— 

9-870 

y-Amino-n-butyric acid 

4-230 

— 

10-430 

Ethyl y-amino-n-butyrate 

— 

— 

9-710 

Glutamic acid 

2-164t 

4-315f 

9-960 

a-Ethyl hydrogen glutamate 

3-847 

7-838 

t>oGlutamine 

3-81+ 

— 

7-88f 

y-Ethyl hydrogen glutamate 

2-148 

— 

9-19 

Glutamine 

2-17J 

— 

9-13J 

Ethyl glutamate 

— 

7-035 

Glycine ester 

— 

— 

7-75 

Gane and Ingold [1931]. 

t See text. 

{ Melville & Richardson [1935]. 


For other data vide. Neubergcr [1936] and this paper. 

discovered by Wegscheider [1895] that K of a half-ester of a symmetrical 
dibasic acid is half as large as the first constant of the acid. Such an estimate 
which can be regarded as correct within ± 0 04 leads to p Abater of 4-638, and fits 
quite well into the series of dissociation constants of the half-esters of the 
paraffin dicarboxylic acids, ethyl hydrogen succinate having pK 4-521 and ethyl 
hydrogen suberate pK 4-836. For the first pK of glutamic acid the value used in 
Table II is that of pK x and for the second pK that of pK 2 . 

These dissociation constants furnish a very good example of the quantitative 
relationship existing between ionization and structure. The first pK of glutamic 
acid and pK x of y-ethyl hydrogen glutamate are practically equal which is to 
be expected if we assume that the effect of COOEt is equal to that of COOH. 
Both pK values are decreased by 0-176 or 0-191 respectively as compared with 
pK x of an a-amino-acid such as alanine. This effect is quantitatively the same as 
that of the second COOH in glutaric acid on pK x> this alteration in magnitude 
being pK\> u t yr i c acid -JpA\ g i u tan C acid —log 2=0-182. The influence of the carboxyl 
group on NH 3 + is larger; the introduction of a carboxyl in the y-position into 
an a-amino-acid ester as in a-ethyl hydrogen glutamate decreases the pK of 
NH 3 + by 0-735 (difference between pA g i yc tne ester and pA^thyi glutamate) which is 
similar to the influence of introduction of COOEt into the y-position of butyl- 
amine as in ethyl y-aminobutyrate. Another interesting point is that pK values 
of a-ethyl hydrogen glutamate and isoglutamine on the one hand and of y-ethyl 
hydrogen glutamate and glutamine on the other are nearly identical. , 

The influence of the charges on the pK values is even more interesting. The 
difference between pK 2 of a-ethyl hydrogen glutamate and pK of ethyl glutamate 
is 0*803 and is due to the influence of the negative charge of the carboxyl group 
in a-ethyl hydrogen glutamate. 


COOEt 

coo- 

CH, 

CH, 

CH, 

CH, 

CH.NH,+ 

CH.NH,+ 

COOEt 

COOEt 
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This difference should be equal to that between pK a of glutamic acid and pK t of 
y-ethyl hydrogen glutamate; the figure actually found is 0*75. 


COOEt 

coo- 

ch 2 

ch 2 

ch 2 

ch 2 

ch.nh 3 + 

ch.nh 3 + 

coo- 

coo- 

The influence of the negatively charged y-carboxyl group on NH S 4 should be 
opposite in sign but equal in absolute value to the influence of NH 3 + on the 
y-carboxyl group. The difference between pK t of a-ethyl hydrogen glutamate 
and ethyl hydrogen glutarate is 0-791, which is in very satisfactory agreement. 

COOH 

COOH 

ch 2 

CH 2 

ch 2 

ch 2 

CHo 

ch.nh 3 + 

COOEt 

COOEt 

Comparison between pK 2 of glutaric acid (pK 2 — log 2) and pK 2 of glutamic 
acid leads to the similar value of 0-804. 

COOH 

COOH 

ch 2 

ch 2 

ch 2 

CHj 

ch 2 

ch.nh 3 + 

coo- 

coo- 

The influence of the negatively charged a-carboxyl on the y-carboxyl group 
can be estimated by comparing j pK 2 of glutamic acid and pK x of a-ethyl hydrogen 

glutamate. COOH COOH 

CH S 

CHj 

CH 2 

ch 2 

ch.nh 3 + 

ch.nh 3 + 

coo- 

COOEt 


The difference in the pK values is 0-468; the difference between pK x and 
pK 2 of glutaric acid is 0-487 after correction for statistical effect. The distances 
between the different groups in glutamic acid oan be calculated by using 
Bjerrum’s formula [vide Neuberger, 1936]. The distance between the centres of 
the two carboxyl groups according to this calculation is 6-6 A. and the distanoe 
between the NHj + group and the y-carboxyl group about 4 A. Applying the 
formula of Ingold [1931] the distances are 7-2 A. and 5-2 A. respectively. These 
values oan only be regarded as approximate, but it can safely be concluded that 
the distance between NH S + and the y-carboxyl group is considerably smaller 
than the distance between the two oarboxyl groups. Such a structure, which is 
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also made probable by the X-ray analysis of crystalline glutamic acid [Bernal, 
1931], explains the ease with which pyrrolidonecarboxylic acid is formed from 
glutamic acid. 


Note on dissociation constants of proteins. 

The work described here and in an earlier paper was undertaken partly with 
the intention of eliciting more information about the relationship of structure 
and ionization in complex compounds. Proteins are polyvalent electrolytes 
which according to currently accepted ideas consist of long peptide chains. Their 
ionization depends mainly on groups derived from trivalent amino-acids, such 
as the dicarboxylie and the basic amino-acids. It is commonly assumed, in the 
absence of any decisive evidence, that the y-carboxyl groups of glutamic acid* 
and the jB-carboxyl groups of aspartic acid which arc; not present in amide linkage 
are free, whilst the corresponding a-carboxyl groups arc in peptide linkage. If 
these assumptions arc accepted, it is possible to predict with some accuracy the 
order of magnitude of the dissociation constants of the different groups. Effects 
through the chain of the molecule can be neglected if the substituent is more than 
4 carbon atoms removed from the ionizing group, whilst charge effects depend 
entirely on the absolute distance and not on the distance in the direction of the 
chain and decrease generally more slowly with distance than do chain effects. 
A y-carboxyl group on which no charge effects are acting will have pK 4-5-4-0, 
whilst a j3-carboxyl group will have pK about 4*4-4*5. A protein molecule even 
in its isoelectric state carries a great number of positive and negative charges and 
the actual pK of any group will depend mainly on the distribution of positive and 
negative charges in its neighbourhood. If, for example, a carboxyl group is sur¬ 
rounded by a number of positive charges its pK will be much lower than 4*5. Since, 
in general, dissociation of carboxyl groups occurs over a pH range, where the 
number of positive charges of the protein molecule is larger than that of negative 
charges the average pK of carboxyl groups will be <4*5. Proteins cannot be 
regarded as symmetrical polybasic acids; they are on the contrary highly 
unsymmetricai and the different strengths of the dissociating groups will be 
mainly responsible for the spreading of the titration curve ; statistical factors 
will generally be of secondary importance. Only in the case of highly symmetrical 
proteins such as protamines will the spreading of dissociation constants be due 
to statistical factors. Since the charge effect is of such quantitative importance, 
a change in the shape of the molecule without any chemical alteration will cause 
a change in the individual dissociation constants and a shift of the isoelectric 
point since the distribution of charges will be altered. This may be the possible 
explanation of the experiments of Margaria [1934], who found that frog's muscle 
changed its apparent pH as measured by indicators during contraction and 
stretching. 

All the methods available at present give somewhat questionable data about 
dissociation constants of proteins ; but any discussion regarding this point is 
outside the scope of this paper. 


Summary. 

1. a-Ethyl hydrogen glutamate has been synthesized. 

2. Dissociation constants of glutamic acid, of a- and y-ethyl hydrogen 
glutamate and of ethyl glutamate have been determined by extrapolating the 
apparent constants to zero ionic strength, Special formulae have been derived 
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to accommodate the effect of overlapping in the case of pK x and pK z of glutamic 
acid. 

3. The different dissociation constants have been quantitatively explained 
on the basis of the corresponding structures; in particular it has been shown 
that the distance between NH S + and the y- carboxyl group in glutamic acid is 
smaller than the distance between the two carboxyl groups. 

4. Principles derived from work on amino-acids have been considered in 
their application to proteins; it has been shown that dissociation constants and 
isoelectric points do not depend only on the chemical structure, but also on the 
shape of the molecules. Further, it has been pointed out that variation of 
dissociation constants in proteins depends on constitutional rather than on 
statistical factors. 

The author wishes to express his gratitude to the Academic Assistance 
Council for a personal grant during the tenure of which this work was carried out. 
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The following contribution is the fifth of a series devoted to the detailed analysis 
of individual dehydrogenase systems [cf. Ogston & Green, 1935, 1, 2; Green, 
1936; Green & Brosteaux, 1936], The immediate goal of these studies is a 
knowledge of the components of the various dehydrogenase systems, and an under¬ 
standing of the mechanism by which these systems react with molecular oxygen. 
The ultimate goal is the reconstruction in vitro of series of parallel and coupled 
oxidations of the type living cells perform. The means by which the living cell 
integrates and co-ordinates the various oxidation systems has yet to be discovered. 

All of the known dehydrogenases may be divided into three groups, viz. 
aerobic oxidases, cytochrome systems and coenzyme systems. Keilin & Hartree 
11936] showed that the aerobic oxidases as a class react directly with molecular 
oxygen without requiring either a carrier or a coenzyme and produce H 2 0 2 
which can be utilized in coupled oxidations. The aerobic oxidases of animal 
tissues, e.g. uricase, amino-acid oxidase and xanthine oxidase are not generally 
distributed among the various organs and tissues but are restricted almost 
entirely to the liver and kidney. The general role of this class of oxidizing en¬ 
zymes in cellular respiration must be therefore a minor one. 

Ogston & Green [1935, 1, 2] and Green [1936] found that in animal tissues 
only the succinic and a-glycerophosphoric dehydrogenases depend upon cyto¬ 
chrome for their reaction with molecular oxygen. These two systems are found 
in all tissues in very considerable concentration. They do not require a coenzyme 
and do not react either with flavin or flavoprotein. The cytochrome catalysis 
involves the collaboration of two enzymes, the dehydrogenase and the indo- 
phenol oxidase. The former catalyses the reduction of cytochrome; the latter 
catalyses the oxidation of cytochrome by molecular oxygen. It is significant that 
the succinic and a-glycerophosphoric dehydrogenases as well as the indophenol 
oxidase are associated with particles which cannot be brought into solution. 

The work of Warburg, Euler, Adler, Wagner-Jauregg and Green has made 
clear the characteristics of coenzyme dehydrogenase systems. This class of 
dehydrogenases is omnipresent in animal tissues, and there is good evidence that 
it accounts for the bulk of cellular respiration. Coenzyme dehydrogenase systems 
do not react directly with molecular oxygen. Between the substrate and oxygen, 
a coenzym© and a carrier intervene. The substrate in presence of the dehydro¬ 
genase reduces the coenzyme, reduced coenzyme reduces the carrier and reduced 
carrier then reacts with molecular oxygen. Flavin, flavoprotein or adrenaline 
can act in vitro as carriers in coenzyme systems, whereas cytochrome is com¬ 
pletely inactive. Whether these carriers function physiologically has yet to be 
determined. There are only twp coenzymes known to exist in animal tissues, 
viz. coenzyme I originally discovered by Harden & Young [1906] in yeast, and 
coenzyme II discovered by Warburg & Christian [1931] in horse blood corpuscles. 
They cannot replace one another in their respective catalytic capacities (with 
possibly one exception) despite their close similarity in chemical structure. 

1 Beit Memorial Research Fellow. 
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The malic dehydrogenase offers a clear example of a coenzyme I system. Its 
properties are very similar to those of the lactic dehydrogenase—the prototype 
of the class. There is an extensive literature dealing with the malic dehydro¬ 
genase but little or no progress has been made in the way of isolating the enzyme 
and analysing the conditions and mechanism of the oxidation. 

I. Nomenclature. 

The great diversity of terminologies now in use among different investigators 
in the field of cellular respiration has rendered the literature almost unintelligible 
to the non-specialist. To avoid further confusion, the following list of synonymous 
terms is given—the preferred term being italicized. 

Dehydrogenase : intermediary enzyme; colloidal carrier; oxidase; dehydrase; 
apodehydxase. 

Flavoprotein : yellow enzyme; yellow pigment. 

Coenzyme I: cozymase; cofennent; fermentation coenzyme; codehydrase; 
lactic coenzyme; Harden & Euler coenzyme. 

Coenzyme II : blood coenzyme; hexoseraonophosphate coenzyme; coferment; 
codehydrase; Warburg coenzyme. 

Coenzyme-dehydrogenase complex: holodehydrase; hydrogen transporting 
enzyme. 

Carrier: this term refers to a substance which can be reversibly reduced 
and oxidised, regardless of chemical constitution or molecular dimensions. 
Thus cytochrome and flavoprotein as well as flavin and adrenaline are con¬ 
sidered as carriers. The term should not be confused with colloidal carrier. 

The practice of referring to the two oxidation coenzymes by numerals I and II 
was originally suggested by Euler & Adler. Its general acceptance is to be highly 
recommended. 

II. Preparation of the components . 

The malic dehydrogenase was prepared from the heart muscle of pig by the 
same method as was used by Green & Brosteaux [1936] for the preparation of the 
lactic enzyme. Since the concentration of malic enzyme in the heart muscle is 
extremely high, only two hearts need be used for the preparation of 300 ml. of 
very active enzyme solution (i.e. 100 ml. of solution A and 200 ml. of solution B). 
The Q 0 of freshly prepared solution A or B varies from 300 to 800. 

Coenzyme I was prepared from baker’s yeast by the method of Green & 
Brosteaux [1936]. 

III. The condition for linear oxidation . 

A mixture of dehydrogenase, coenzyme I, malate and methylene blue hardly 
takes up any oxygen. With addition of neutralized cyanide the oxygen uptake is 
rapid and linear for a considerable period, cf. Fig. 1. The maximum acceleration 
by cyanide is reached only at high concentrations. The control with cyanide and 
all components except malate is negative. There can be no doubt that the action 
of cyanide consists in reacting with the product of the reaction, presumably 
oxaloacetate—thereby preventing the complete inhibition of the enzyme by small 
concentrations of the reaction product. The fact that the cyanide effect is 
dependent upon the concentration indicates that the reaction of cyanide and 
oxaloacetate is not complete at low concentrations of the former. 1 The effect of 
cyanide on the malic system is exactly the same as that observed by Green & 
Brosteaux with the lactic system. 

1 Smythe [1932J found that cyanide catalyses the anaerobic decomposition and polymerization 
of methylglyoxal. The possibility therefore exists that the action of cyanide consists not in combin¬ 
ing with oxaloacetic acid but in catalysing the conversion of oxaloacetic acid into other products. 
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Other ketone reagents such as semicarbazide, hydrazine and hydroxylamine 
can be used instead of cyanide (cf. Table I). 


Table I. The effect of ketone fixatives . 


1. Enzyme system without fixative 

+ 1*0 ml. Mj 2 semicarbazide (neutral) 
+0*5 ml. Ml 2 semicarbazide 
+0*2 ml. M /2 semicarbazide 

2. Enzyme system without fixative 

+ 1*0 ml. M/2 hydroxylamine (neutral) 
+0*5 ml. Ml 2 hydroxylamine 
+0*2 ml. Mj2 hydroxylamine 

3. Enzyme system without fixative 

+1*0 ml. Ml 3 hydrazine (neutral) 

+ 0*2 ml. if/3 hydrazine 


pi. o. 

Time in min, 

25 

60 

214 

60 

194 

60 

147 

60 

22 

30 

35 

30 

52 

30 

57 

30 

18 

15 

141 

15 

94 

15 


The enzyme system comprised 0*5 ml. enzyme, 1 ml. coenzyme, 0*3 ml. 0-5% methylene blue 
and 0*2 ml. M malatc. The total volume per manometer was 3-3 ml. The malate was tipped into 
the solution from a Keilin cup after equilibration of the manometer. 



Eig. 1. The effect of cyanide. Each manometer cup contained 1*5 ml. enzyme, 0*5 ml. coenzyme, 
0*2 ml. 0*5% methylene blue and 0*3 ml. M l{ - )malate. The substrate was added from 
Keilin cups after equilibration. 

The efficiency of a ketone-binding reagent in accelerating the oxidation de¬ 
pends upon three factors, viz, the toxicity to the enzyme, the speed of combina¬ 
tion and the extent of dissociation of the addition compound. Cyanide is the 
most efficient reagent of those tested, with semicarbazide and hydrazine poor 
seconds. 

IV. The identity of the malic and fumaric dehydrogenase. 

Szent-Gyorgyi and oo-workers [1935] have claimed that there exists in 
animal tissues a dehydrogenase specific for the oxidation of fumarate to 
oxaloaoetate. The enzyme solution described in section II oxidizes both malate 
Bioehem. 1936 xxx 135 
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and fumarate at approximately equal speeds. The question arose whether the 
same enzyme catalyses both oxidations. The following lines of evidence show 
conclusively that the so-called fumaric dehydrogenase is simply the malic 
dehydrogenase collaborating with fumarase—the enzyme which catalyses the 
conversion of fumaric into malic acid. 

(a) If the fumaric and malic enzymes are identical, then the ratio 
rate of oxid ation of fumarate 
rate of oxidation of malate 

should be 1 or less but never appreciably more. The actual value of the ratio will 
obviously depend upon the concentration of fumarase. With a small amount of 
this enzyme present compared with the malic enzyme, the ratio should be very 
much less than 1. With excess of fumarase, the ratio should be approximately 1. 

Table II is a summary of the ratios observed in a large number of preparations 
of different degrees of purity and from a variety of tissues and animals. The 
evidence is clear that the ratio never exceeds 1:3 and is usually much lower 

Table II. The ratio ™ te - / w ~ in different preparations . 

rate of oxidation of malate M sr r 


Source of enzyme 

Time of experiment 
in min. 

Ratio 

Pig heart, solution A 

20 

1*18 

Pig heart, solution B 

00 

1-27 

Kg heart, solution B (purified) 

00 

1*20 

Pig heart, solution A (purified) 

20 

0-48 

Pig heart, solution A (purified) 

20 

0-45 

Rabbit skeletal muscle 

30 

0-77 

Rabbit kidney 

20 

100 

Rabbit liver 

10 

0-45 

Rabbit heart 

15 

0*78 

Rabbit brain 

10 

0*39 

Rat kidney 

20 

1*20 

Rat heart 

20 

Ml 

Rat muscle 

00 

0*43 

Rat liver 

60 

1*04 

Pigeon breast muscle 

00 

0*73 


Furthermore, on purification it is always the fumaric activity which is lost relatively 
to the malic and never the reverse. The presence of active fumarase in the stock 
enzyme solution from pig's heart was established by the polarimetric demonstra¬ 
tion of large quantities of malic acid formed from added fumaric acid. 1 ml. of 
enzyme was able to convert 1 mg. of fumaric into malic in 1 min. In other words, 
the limiting factor in the oxidation of fumaric acid in unpurified preparations is 
not the conversion'into malic but the oxidation of malic. On purification fumarase 
activity is relatively diminished, and the conversion of fumaric into malic becomes 
the limiting factor. 

(6) If the malic and fumaric enzymes are identical, there should be no 
summation of the rates of oxidation in presence of malate and fumarate 
respectively. The following experiment shows that such is actually the case. 

fd.O, 

r -;--— A -s 

1st 10 min. 2nd 10 min. 

Enzyme system + malate 344 210 

Enzyme system + fumarate 119 181 

Enzyme system+malate + fumarate 328 230 

(c) The oxidation of fumarate, particularly with purified preparations, shows 
an initial lag period varying from a few minutes to as much as an hdtir (cf. Kg. 2). 
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This phenomenon can be explained satisfactorily only on the basis that the 
oxidation of malate does not proceed at an appreciable velocity until the malate 
reaches a certain minimum concentration, and that the lag period represents the 
time required for a weak fumarase to convert sufficient fumaric into malic acid. 
It is significant that after the lag period, the rate of oxidation of fumarate attains 
the value for the rate of oxidation of malate. 

There are many other lines of evidence which could be adduced to prove the 
identity of the two dehydrogenases, such as similar behaviour towards inhibiting 
and accelerating agents, similar kinetics, etc. But they are not as conclusive as 
those mentioned in detail and will therefore be omitted from the argument in the 
interest of brevity. 



2. Fig. 3. 

Fig. 2. The lag period in the oxidation of fumarate. Each manometer cup contained 1 ml. 
enzyme, 0*5 ml. coenzyme, (M ml. 0*5 0 / o methylene blue and 0-5 ml. if NaCN (neutralized). 

Fig. 3. The number of oxygen atoms. Each manometer cup contained 0*8 ml. enzyme, 0-8 ml. 
coenzyme, 0*2 ml. 0*5% methylene blue and 0*4 ml. ilf/40 l{ -)malate. The concentrations 
of fixative were 0*5 ml. M NaCX and 1 ml. ilf/3 hydrazine respectively. The small control 
uptakes for tho above mixtures without malate have been subtracted from the experimental 
uptakes. 

V. Product of oxidation . 

2:4-Dinitrophenylhydrazine does not react with oxaloacetic acid in presence 
of cyanide. Tho isolation was therefore carried out with semicarbazide as 
the fixing agent. 200 ml. of enzyme, 100 ml. of coenzyme, 20 ml. of M malate, 
50 ml. of Mj 2 semicarbazide chloride (neutral) and 10 ml. of 0-5% methylene 
blue solution were mixed and aerated vigorously at 37° for 2 hours. After de- 
proteinization with hydrochloric acid and filtration through kieselguhr-impreg- 
nated filter-paper to remove methylene blue, the solution was concentrated in 
vacuo to 100 ml. 1 g. of 2:4-dinitrophenylhydrazine dissolved in 100 ml. of 2 N 
HC1 was added. The solution was kept at room temperature for 24 hours before 
filtering off the crystalline precipitate (yield 0*5 g.). After two recrystallizations 

135-2 
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from a mixture of ethyl acetate and Ugroin by the method of Clift Sc Cook [1932], 
the m.p. was found to be 212° which is identical with that of the authentic 
2:4-dinitrophenylhydrazone of oxaloacetic acid. The mixed m.p. was also 212°. 
The following are the analytical figures: (Weiler). (C,38*78;N, 18*12; H, 2*39%. 
CioHgO^ requires C, 38*34; N, 17*90; H, 2*58 % ) 

The oxidation of malic to oxaloacetic acid requires 1 atom of oxygen. Fig. 3 
shows that in presence of cyanide as the fixative, the theoretical uptake of 
oxygen for the oxidation of 0*1 ml. Mj 10 malate to oxaloacetate is reached within 
30 min., whereas with hydrazine as the fixing agent, only 75 % of the theoretical 
is reached before the enzyme is completely inactivated. 

If the sole chemical change is the oxidation of malate to oxaloacetate, then 
for each atom of oxygen absorbed, 1 molecule of oxaloacetic should be formed. 
Oxaloacetic acid can be estimated manometrically as CO a by the method of Ostem 
[1933] which involves the splitting of oxaloacetic acid by aniline in acid solution. 
Oxaloacetic acid after incubation with cyanide is not decomposed by aniline. 
However the semicarbazone is quite readily decomposed at 37° and the C0 2 
liberation is complete in 3 hours. The experiments were carried out as follows. 
The complete enzyme system (enzyme, coenzyme, methylene blue and semi- 
carbazide) was equilibrated in the manometer before the malate was introduced 
from a dangling Keilin tube. The oxygen uptake over a period of several hours 
was then measured. The manometer cup was then disengaged from the mano¬ 
meter and 0*3 ml. glacial acetic acid was added to deproteinize the enzyme 
solution. The aniline-citrate mixture (1 part of aniline to 3 parts of 50% citric 
acid) was placed in a second Keilin tube and introduced after re-equilibration. 
The following table shows that for each atom of oxygen absorbed, approximately 
1 molecule of CO L is liberated. 



Ml- 


Ratio 
pi. CO, 


o, 

co 2 

Ml- O, 

Control (no malate) 

5 

4 

— 

Determination 1 

264 

570 

2*16 

2 

245 

605 

2*06 

3 

187 

368 

1*98 


VI. p H. 




Table III shows the dependence of the rate of oxidation upon the hydrogen 
ion concentration. The maximum rate is at pH 8. It is interesting that the 
oxidation is completely inhibited by a very slightly acid reaction (pH 0) whereas 

Table III. The effect of pH. 

Each manometer cup contained 0*5 ml. enzyme suspension, 3-3 ml. of M/2 buffer, 0*5 ml. M 
NaCN, 0*1 ml. M fumarate, 0-2 ml. 0-5% methylene blue and 0*5 ml. coenzyme. The enzyme sus¬ 
pension was made with water rather than the usual phosphate. 

pH ... 60 7*0 80 90 100 11*0 12*0 13*0 

Buffer ... Phosphate Phosphate Phosphate Glycine Glycine Glycine Glycine Glycine 

Hi. 0 , 

16 min. 0 37-8 84 0 37-6 15-4 29*0 20*5 17*0 

30 min. 6*0 87-5 I960 970 34*0 54*0 77*5 37*2 

a very alkaline reaction (pH 10-13) does not seriously interfere. The constituents 
of the buffer are probably as important as the pH in determining the speed of 
oxidation. 
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Molarity of malate Molarity of fumarate 

Fig. 4, Fig. 5. 


Fig. 4. The effect of fumarate concentration. Each manometer cup contained 1 ml. enzyme, 
0-5 ml. ooenzyme, 0-1 ml. 0-5% methylene blue and 0-5 mL M NaCN. 

Fig. 5. The effect of malate concentration. Each manometer cup contained 0-7 ml. enzyme, 
0-5 ml. coenzyme, 0*7 ml. M NaCN and 0-1 ml. 0-5% methylene blue. 



ml. coenzyme I 

Fig. 6. The effect of ooenzyme X concentration Each manometer cup contained 1 ml. enzyme, 
0*3 ml. Jlf fumarate, 0*6 ml. M NaCN and <M ml. 0*5% methylene blue. 
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VII. Effect of concentration of substrate and coenzyme. 

The relation between the speed of oxidation and the molarity of substrate is 
shown in Figs. 4 and 5. The two sets of experiments with fum&rate and malate 
respectively were not performed with the same enzyme preparation. Hence the 
absolute velocities are not comparable. 

The rate of oxidation is proportional to the concentration of coenzyme over a 
very wide range of concentrations (cf. Fig. 6). The maximum asymptotic velocity 
would be reached only in presence of an enormous excess of coenzyme. 


VIII. Specificity of donator. 

Only Z(—)malate is oxidized by the dehydrogenase system as shown by the 
following experiment: 


Enzyme system +0*5 ml. MjlO l( -) malate 
Enzyme system +0-5 ml. M\ 10 d( +) malate 


fii. 0 8 /15 min. 

180 

0 


The optical isomerides were prepared from inactive malic acid by the method of 
Dakin [1924] which depends on the different solubilities of the cinchonine salts. 
Inactive malic acid is oxidized to the extent of only 50 % as shown by the fact 
that it yields exactly half the theoretical uptake for complete' oxidation. Fumarie 
acid is converted into l (—)malic acid—hence the oxidation to oxaloacetic acid 
is quantitative. 

Green & Brosteaux [1936] considered the evidence for and against the identity 
of the lactic and malic dehydrogenases and concluded that the two enzymes were 
probably not identical. The correctness of this conclusion has been confirmed by 
an extensive comparison of the activities of the two enzymes in different prepara¬ 
tions from animal sources. In many cases, a preparation extremely rich in the 
malic enzyme showed little or no lactic activity. The following results are 
illustrative: . ^ 

/u. 

f _ A - ^ 

PIxp. 1 Exp. 2 

Enzyme system + lactate 39 20 

Enzyme system + malate 282 392 


It is noteworthy that whereas the method of preparation in section II 
invariably yields a highly active malic enzyme, success with the lactic enzyme is 
not as constant. The freshness of the tissue, the thoroughness of grinding and 
other factors in the preparation are more important for lactic activity than 
for malic activity. There can be little doubt therefore that the lactic and malic 
enzymes are distinct. 

The dehydrogenase system, in presence of unpurified maleic acid (com¬ 
mercial preparations), reacts vigorously with oxygon. It can be demonstrated 
that such preparations are rich in fumarie acid and that when precautions are 
taken to remove all traces of fumarie acid, maleic acid is not oxidized. Freshly 
distilled maleic anhydride is practically inactive with the enzyme system. Since 
the conversion of maleic into fumarie acid occurs to some extent at 37° it is of 
course impossible to obtain a completely negative result. Dihydroxymaleio acid 
is also not oxidized. 


IX. Respiratory carriers and the reaction with molecular oxygen. 

A mixture of enzyme, coenzyme, malate and cyanide does not react with 
molecular oxygen. Some reversibly reducible and oxidizablejsubstance is 
required to link the dehydrogenase system with molecular oxygen. The malic 
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system must therefore be considered as anaerobic in the sense that the reaction 
with oxygen is not direct. 

Table IV contains a comparison of the efficiencies of the various carriers 
which were found to be active. It is noteworthy that the adrenaline effect has a 


Table IV. The activity of various carriers. 


Enzyme system was composed of lml. enzyme, 1-4 ml. eoenzymo, 04 ml. 2.V NaCN and 
0-2 ml. M malate. 


/*!• O, 


Enzyme system 

+ i//1000 lactoflavin 
+ M/1000 adrenaline 
-+- JI//1000 methylene blue 
+ Mj 1000 pyocyanine 


1st 10 min. 
3 
123 
44 
348 
299 


2nd 10 min. 
3 
119 
247 
226 
178 


lag period. The oxygen uptake in presence of adrenaline for the second 10 min. 
should be compared with the first lOmin. results for the other carriers. Adrenaline 
shows catalytic activity comparable with methylene blue and pyocyanine and 
about twice the activity of lactoflavin. The detailed analysis of the adrenaline 
effect will be considered in a separate communication. 

Figs. 7, 8, 9 and 10 show how the speed of oxidation depends upon the con¬ 
centration of the carrier. It is impossible to determine the limiting velocity for 
the catalysis by flavin owing to its relative insolubility. Lactoflavin was added 
in the form of a homogeneous aqueous suspension which went into solution only 
on dilution with the other components. 

Flavoprotein shows but slight activity as a carrier: 



pi. O a in 

Manometer 


10 min. 

gas 

Enzyme system 

0 

Air 

Enzyme system 

3 

Oxygen 

+1 ml. 10% flavoprotein 

22 

Air ' 

+ 1 ml. 10% flavoprotein 

35 

Oxygen 

+0-2 ml. 0*5% methylene blue 

231 

Air 


Green & Brosteaux [1936] also observed comparatively little effect with 
flavoprotein. The fact that increase of the partial pressure of oxygen leads to a 
larger uptake in presence of flavoprotein suggests that the reoxidation of leuco- 
flavoprotein is slow under the conditions of the experiment. It is presumably 
the spontaneous oxidation of leuco-flavoprotein which is the limiting factor and 
not the enzymic reduction of the oxidized form. 

The reduction of added heart cytochrome c by the malic enzyme system was 
tested for spectroscopically. There was not the slightest indication of the 
reduced bands of cytochrome when the oxidized form was added to the enzyme 
mixture under anaerobic conditions. As a control, succinate was added under 
the same conditions and the immediate reduction of cytochrome c could be seen 
even with the naked eye. This confirms the rule that coenzyme systems do not 
react directly with cytochrome. 

Oxidized glutathione did not act as a carrier with the malic system. Chemical 
estimation showed that no reduction of GSSG to GSH took place. 
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Fig. 7. Fig. 8. 

Fig. 7. The effect of methylene blue concentration. Each manometer cup contained 1 ml. 
enzyme, 0*5 ml. coenzyme, 0-5 ml. M NaCN and 0-3 ml. M fumarate. 

Fig. 8. The effect of pyocyanine concentration. Details as for Fig. 7. 




Fig. 9. The effect of lactoflavin concentration. Details as for Fig, 7. 
Fig. 10. The effect of adrenaline concentration. Details as for Fig, 7. 
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X. Reduced coenzyme and the mechanism of coenzyme action. 

Adler et al. [1936] and Green & Brosteaux [1936] independently demon¬ 
strated that coenzyme I, like coenzyme II, was reversibly reducible. Both groups 
of investigators agree on the main properties of reduced coenzyme such as 
insensitivity to strong alkali, sensitivity to acid, an absorption band in the ultra¬ 
violet with a peak at 340 m/i, rapid reaction with flavoprotcin etc. The one 
important point of difference is the question whether the colourless reduced 
coenzyme can reduce methylene blue directly. Adler et al. claim that colourless 
reduced coenzyme can reduce methylene blue in acid but not in neutral solution. 
They describe the formation of a yellow substance by reduction of the coenzyme 
with hydrosulphite in alkaline solution. This substance, which is different from 
the colourless reduced coenzyme, can reduce methylene blue directly in alkaline 
solution. Green & Brosteaux reduced coenzyme I with hydrosulphite in neutral 
solution and showed with the vacuum tube technique that the solution of 
reduced coenzyme after removal of excess hydrosulpliite by aeration could 
reduce methylene blue directly, albeit rather slowly. The addition of a small 
amount of flavoprotein increased the rate of reduction of methylene blue as much 
as thirtyfold. Hydrosulpliite is oxidized to bisulphite which can reduce methylene 
blue. Controls however showed that the bisulphite present in solutions of re¬ 
duced coenzyme could not account for the velocity with which methylene blue 
is reduced. 

The controlled experiment was carried out as follows. 15 ml. of alkali- 
inactivated coenzyme and 15 ml. of untreated coenzyme were each mixed with 
3 ml. M /5 phosphate buffer pH 7 and 1 ml. of a 0-5% hydrosulphite solution. 
After 10 min. incubation at 37°, both solutions were aerated vigorously for 
20 min. The methylene blue reductions were carried out in Thunberg tubes, 
each tube containing 0-3 ml. 0-02 % methylene blue, l ml. buffer pH 7 and 1 ml. 


of coenzyme solution: Time reduction 

in min. 

Alkali-inactivated coenzyme > 120 

Alkali-inactivated coenzyme+0*3 ml. 10% flavoprotein >120 

Coenzyme 30 

Coenzyme +0-3 ml. 10% flavoprotein 1 


The rate of reduction of methylene blue by reduced coenzyme depends upon 
the concentration of methylene blue, e.g. 1 ml. of reduced coenzyme reduced 
completely 0*1 ml. of 0*05% methylene blue in 40 min. whereas it reduced ten 
times that quantity of methylene blue to the extent of 50% in the same time. 

Oxidizing agents such as I 2 and H 2 0 2 destroy the reduced coenzyme. No way 
has yet been found of oxidizing bisulphite to sulphate without destroying the 
reduced coonzyme at the same time. 

Green & Brosteaux pointed out that the rate of reduction of methylene blue 
by reduced ooenzyme even in presenoe of flavoprotein was very much slower than 
the reduction of methylene blue by the enzyme-ooenzyme-lactate system. This 
discrepancy is difficult to explain on the basis of the hypothesis that the reaction 
between the ooenzyme and the carrier does not involve the enzyme. In the 
present work other difficulties have been found in the way of applying the new 
oonoeption of the mechanism of coenzyme action to the case of coenzyme I. 

One would expect that the properties of reduced coenzyme would be the 
same regardless of the mode of reduction. But in fact reduced coenzyme pre¬ 
pared by incubation with the enzyme and the substrate under anaerobic condi¬ 
tions shows only in a qualitative way the properties of reduced coenzyme 
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prepared by the hydrosulphite method. Whereas 1 ml. of the former can reduce 
0-3 ml. of 0-02 % methylene blue in presence of flavoprotein within a minute, 1 ml. 
of the latter requires 30 min. or more. It is conceivable, as Euler and his group 
believe, that there is an equilibrium between reduced and oxidized ooenzyme on 
the one hand and the reductant and oxidant of the enzyme system on the other— 
the equilibrium being in favour of the oxidized coenzyme. But this explanation 
cannot hold when a fixative like cyanide or semicarbazide is used to remove the 
oxidant. No increase in reducing power is obtained when the coenzyme is incubated 
with the enzyme, malate and fixing agent and thereby reduced to completion. 

It remains for future research to determine whether the enzyme is involved in 
the reaction between the coenzyme and the carrier and whether coenzyme systems 
are carrier-specific. There can be no disputing the fact that the coenzyme is 
reversibly reduced and oxidized. But our knowledge of the mechanism of the 
interaction of reduced coenzyme with the other components in the catalytic 
system is still obscure. 

XI. The disrnutation of fumarate . 

In the course of an attempt to study the reversibility of the oxidation of 
malic to oxaloacetic acid, it was observed that indicators as far apart in potential 
as methylene blue and flavin were not reduced to completion. The phenomenon 
therefore could not be attributed to an oxidation-reduction equilibrium. 
Analysis showed that the following series of events took place: 

fumarase 

(1) Malate rizH fumarate. 

malic 

(2) Malate + methylene blue-* oxaloacetate + louco-mcthvlenc blue. 

enzyme 

succinic 

(3) Fumarate -f leuco-methylene blue-> succinate + methylene blue. 

enzyme 

The indicator, methylene blue in this case, is linking two dehydrogenases, the 
succinic and the malic; and is being oxidized by the former and reduced by the 
latter. The phenomenon of partial reduction therefore offers an interesting 
example of linked carrier reactions between dehydrogenase systems [Cretin et aL, 
1934]. Reduction is never complete since fumarate is oxidizing leuco-methylene 
blue at a rate comparable with the reduction of methylene blue by malate. 

The proof of this interpretation lies in the demonstration of the anaerobic 
formation of oxaloacetic acid from fumaric acid which had been incubated with 
the enzyme, coenzyme, methylene blue and semicarbazide. Controls lacking 
fumaric acid and methylene blue were negative. There was a small formation 
of oxaloacetate in presence of fumarate and with no coenzyme. The oxaloacetate 
was determined manometrically by the method of Ostem [1933]. Table V shows 
the results of an experiment. 

Table V. The anaerobic formation of oxaloacetate from fumarate . 

The experiments were carried out anaerobically in Thunberg tubes. Each tube contained 1 ml. 
of Mj2 semicarbazide in addition to the solutions stated. The total volume in all cases was 7*7ml. 


Enzyme 

Coenzyme 

Methylene blue 
(0-5%) 

Fumarate M 

Oxaloacetate 

ml. 

ml. 

ml. 

ml. 

mg. 

3 

3 

— 

0-5 

0 

3 

3 

0-2 

_ 

' 0 

3 

3 

0*2 

05 

4*0 
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The succinic acid formed was demonstrated in the following way. After 
incubation, the enzyme mixture was deproteinized with 0-2 ml. glacial acetic 
acid and filtered. The filtrate was kept in a boiling water-bath for 5 min. It was 
then made alkaline to thymolphthalein with 6 N NaOH and again placed in a 
boiling water-bath for 5 min. This treatment in acid and alkali destroys all 
traces of the coenzyme whether it be in the reduced or oxidized form. The solu¬ 
tion was carefully neutralized and 4*0 ml. were tested for succinic acid with 
0*5 ml. enzyme preparation and 0*2 ml. 0-5% methylene blue. The pig’s heart 
preparation is very rich in the succinic enzyme and is quite suitable as the source 
of the enzyme. Fumaric and malic acids are not oxidized under these conditions 
since no coenzyme is provided. Table VI contains the protocol of an experiment. 


Table VI. The anaerobic formation of succinic acid. 

1*18 mg. succinic acid are equivalent to 112 ul. 0« since the oxidation of succinate to fumarate 


only involves 

1 atom of oxygen. 



Mj 3 semi- 


Enzyme 

carbazide 

Ooenzyme 

ml. 

ml. 

ml. 

8 

1 

2 

8 

1 

2 

3 

1 

o 


M fumarate 

0*r,° o 

met hylene 
blue 

Succinic 

acid 

formed 

ml. 

ml. 

mg. 

0-2 

01 

3-2 

0-2 

0 

0 

0 

01 

0 


The observation of Moyle [1924] that in muscle succinic acid accumulates 
under anaerobic conditions indicates that this anaerobic dismutation of fumaric 
acid is a physiological process and that some cellular carrier takes the place of 
methylene blue in the model system. 


XII. Specificity of coenzyme . 

Needham & Green in unpublished experiments quoted by Green & Brosteaux 
[1936] studied the question of the identity of the lactic coenzyme and cozymase. 
They concluded that although the parallelism of the occurrence and activity of 
the two coenzymes pointed to their identity the mechanism of the action of the 
coenzyme was not identical in both fermentation and dehydrogenation. The 
reamt note of Meyerhof & Kiessling [1936] describing the isolation of cozymase- 
pyrophosphate from yeast maceration juice indicates that cozymase is concerned 
with phosphorylation as well as dehydrogenation. Such being the case, to call the 
lactic coenzyme, cozymase or vice versa is illogical. The suggestion by Euler & 
Adler of calling cozymase, coenzyme I overcomes this difficulty. Coenzyme I is 
to be understood as the coenzyme which functions either in alcoholic fermentation 
or in certain dehydrogenations. 

Coenzyme II was tested as an alternative coenzyme for the malic system. 
The following are the results. 

/ul. O a /40 min. 

£nzyme system 4-0*5 ml. coenzyme II (no malate) 5 

Enzyme system + 0*5 ml. ooenzyme II (malate added) 28 

Enzyme system + 0*5 ml. coenzyme I (malate added) 258 

The enzyme system contained 1 ml. enzyme, 0*2 ml. 0*5% methylene blue and 0*6 ml. At NaCN 

The coenzyme II preparation used was about 30 % pure and it is possible 
that traces of ooenzyme I account for the slight effect on the malate oxidation. 
The point requires further study. 
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Trigonelline, nicotine, coramine, coramine methiodide and nicotine di- 
methiodide showed no activity as ooenzyme. It seems highly probable that the 
nicotinamide molecule must be specifically linked with adenine, ribose and 
phosphoric acid in order to function as a coenzyme. 

XIII. Inhibitors . 

Table VII contains a summary of the effects of various reagents on the 
oxidation of malate. Oxaloacetic acid is the most powerful inhibitor found. 
Hence the indispensability of ketone-fixing reagents for studying the in vitro 
oxidation of malic acid. Pyruvic acid and acetoacetic acid are inhibitory but not 

Table VII. Inhibitors. 



Concentration 

O' 

/o 

% 

Reagent 

M 

inhibition 

acceleration 

Oxaloacetic acid 

0*18 

100 

— 


009 

100 

— 


0*018 

96 

— 

Acetoacetic acid 

0*3 

39 

— 


0*15 

21 

— 


0*03 

0 

— 

Pyruvic acid 

0*3 

92 

— 

0*06 

76 

— 


0*012 

24 

— 

Muscle adenylic acid 

0*0087 

49 

— 

0*0044 

23 

— 


0*00087 

13 

— 

Yeast adenylic acid 

0*0087 

16 

— 

0*0044 

0 

— 

Adenylpyrophosphoric acid 

0*0034 

40 

— 

0*0017 

22 

— 

Iodoacetic acid 

0*03 

38 

— 

Arsenious acid 

0*03 

— 

38 

Pyrophosphoric acid 

0*03 

— 

104 

Urethane 

0*017 

10 

— 

Tartronio acid 

0*06 

24 

— 

Capryl alcohol 

Saturated solution 

18 

— 

Malonic acid 

0*3 

47 

— 


0*03 

11 

— 

Oxalic acid 

0*075 

30 

— 

Maleic acid 

0*03 

0 

— 


There is a considerable uptake by oxaloacetic acid solutions (non-enzyraic) which must be 
allowed for in calculating the inhibition by oxaloacetic acid. 

to as high a degree as oxaloacetic. Animal adenylic acid and adenylpyrophosphate 
inhibit presumably by competing with the coenzyme for the dehydrogenase. 
Yeast adenylic acid is much less inhibitory. Maleic acid contrary to the state¬ 
ments in the literature does not act as an inhibitor. The mechanism of the 
acceleration by arsenious acid and pyrophosphate is obscure. 

All the inhibitor experiments were carried put with the enzyme system 
(enzyme, coenzyme, malate and methylene blue) in presence of cyanide as the 
fixative. Since oxaloacetic, acetoacetic and pyruvic aoids combine with cyanide, 
the effective concentrations involved in the respective inhibitions must have been 
at least ten times as small as the added concentrations. Without cyanide, the 
oxygen uptake is not appreciable: henoe inhibition experiments are not possible 
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without the use of fixing agents. It is possible, however, to calculate the actual 
inhibitory power of oxaloacetic acid from the limiting oxygen uptake of the 
enzyme system in absence of cyanide. Calculation shows that Af/1000 oxaloacetic 
acid poisons the enzyme completely. 

Table VIII. The distribution of the malic dehydrogenase. 

Qo t malic dehydrogenase is the oxygen uptake in /d./hour/mg. dry weight of enzyme solution. 
The dry weight of the phosphate buffer is subtracted from the total dry weight. 


Qo 2 malic dehydrogenase 



Rat 

Rabbit 

Pigeon 

Brain 

60-0 

55-1 

72-2 

Kidney 

10-8 

230 

124 

Liver 

40-0 

29*4 

60-5 

Heart 

218-0 

56-7 

189 

Muscle 

81-5 

3-6 

174 


XIV. Distribution of the enzyme. 

The method of estimation of the concentration of malic enzyme in various 
tissues is more or less that described by Green & Brosteaux [1936]. The tissue is 
minced finely with scissors and thoroughly washed with water. The last two 
washings are carrier! out with Mjo 0 phosphate buffer of pH 7*2. The brei is then 
thoroughly ground with sand and M150 phosphate buffer. After centrifuging 
the supernatant is tested directly for activity with 1 ml. coenzyme, 0*2 ml. 
0*5% methylene blue, 0-4 ml. 2 M NaCN and 0*2 ml. M malate. The results 
are shown in Table VIII. The malic dehydrogenase is found in all tissues in 
extremely high concentration, particularly in heart. The chemical pathway 
leading from succinic to oxaloacetic acid must be of great importance in the 
intermediary metabolism of the various tissues. 

Summary. 

The preparation of a highly active malic dehydrogenase from the heart 
muscle of the pig is described. 

The product of oxidation, oxaloacetic acid, completely inhibits the oxidation 
even in extremely small concentration. The use of ketone fixatives such as 
cyanide, hydrazine, semicarbazide and hydroxylamine is essential in order to 
obtain a linear oxidation. 

The catalytic system comprises the dehydrogenase, coenzyme I, carrier and 
malate. Methylene blue, pyocyanine, lactoflavin and adrenaline are the most 
active carriers, flavoprotoin is only slightly active whereas cytochrome and 
glutathione are inactive. 

The enzyme system specifically oxidizes /(—)malic acid to oxaloacetic acid— 
the latter being isolated as the 2:4-dinitrophenylhydrazone. 

The so-called fumaric dehydrogenase is merely malic dehydrogenase col¬ 
laborating with fumarase. 

The malic enzyme is not identical with the lactic enzyme. 

Fumaric acid has been shown to dismute anaerobically to form succinic and 
oxaloacetic acids. The dismutation depends upon the presence of the succinic 
and malic enzymes, coenzyme I and a suitable carrier. 

The malic dehydrogenase is found in high concentration in the tissues of the 
rat, rabbit and pigeon. 
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CCXCV. THE BIOLOGICAL SPLITTING OF 
CONJUGATED BILE ACIDS. 


By MAX FRANKEL. 

From the Department of Biochemistry and Colloidal Chemistry, the Hebrew 

University , Jerusalem. 

(Received 18 September 1936.) 

The biological splitting of the conjugated bile acids into their two components, 
amino-acid and cholic acid, is important both from the chemical and physiological 
points of view. Two possible ways of effecting this reaction have to be considered: 
(1) by means of tissue enzymes; (2) by bacteria and moulds. 

Several authors have investigated this problem but their results are of a 
somewhat contradictory nature. 

The present work was undertaken with the intention of clarifying the 
position. 

I. The question of the splitting of conjugated bile acids by 

ENZYMES FROM ANIMAL ORGANS. 

Smorodinzew [1923] in the course of his work on histozyme, the classical 
enzyme splitting hippuric acid [of. Mutch, 1912], found that horse and canine 
kidney extracts which were rich in histozyme could also split glycocholie and 
taurocholic acids, and that preparations of dog liver, of a somewhat feebler 
activity against hippuric acid, hydrolysed taurocholic acid but scarcely attacked 
glycocholie acid. From his results he inferred that histozyme is able to split not 
only hippuric acid but also the conjugated bile acids. His experiments which were 
carried out with a rather primitive technique do not allow of more than qualita¬ 
tive conclusions. 

Domenico [1926] working with liver pulp of various mammals did not observe 
splitting of the conjugated bile acids and concluded that the liver of mammals 
does not contain a specific enzyme capable of hydrolysing the bile constituents 
mentioned. Rosenthal et al. [1927] working with pulp of human liver and spleen 
state that they observed splitting of taurocholic acid after incubation for 5-6 
days. Grassmann & Basu [1931] employing a modern technique confirmed the 
statements of Smorodinzew as regards the observed ability of kidney extracts 
to hydrolyse (although only to a rather limited degree) taurocholic and glyco- 
cholic acids; they did not however succeed in hydrolysing these acids by the 
action of liver extracts at pH 8. 

On the other hand Mazza & Stolfi [1932] claimed to have found regularly 
in liver extracts of different animals a specific enzyme which hydrolysed the 
conjugated bile acids quickly and synthesized them from their two components. 
They attribute Grassmann’s failure to observe this enzyme to the fact that it is 
only active in a weakly acid or neutral medium (pH optimum being 6*0); 
whereas Grassmann & Basu were working at pH 8, at which the enzymic action 
according to Mazza & Stolfi is inhibited. The latter suppose that the enzyme 
found by them to be regularly present in the liver is different from histozyme, 
though they agree with previous workers that the histozyme of the kidney is also 
capable of splitting the conjugated bile acids. They do not seem to have investi¬ 
gated however whether their specific enzyme does not split hippuric acid as well. 

( 2111 ) 
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There seems to be general agreement among the different workers on the 
following points. 

(1) Enzyme preparations from the pancreas and from the mucosa of the 
duodenum do not split the conjugated bile acids. 

(2) Kidney extract which contains histozyme also hydrolyses the conjugated 
bile acids. This action is slow and feeble and probably has no physiological 
importance since the bile acids do not traverse this organ during their circulation. 

As regards the activity of the liver, which from the physiological point of 
view is undoubtedly the most important organ in this respect, the above review 
reveals discrepancies in the findings of the several workers. 

The experiments described below were undertaken in order to clear up this 
point. A comparative investigation of the activities of enzymic liver preparations 
upon both hippuric acid and the conjugated bile acids has been carried out for 
the first time. 

Preparation and study of acetone-ether-dried liver extract. 

Dried powder was prepared from dog liver according to Willstatter & 
Rohdewald [1934]. The dried material was finely ground and then sieved through 
a close-meshed sieve. Weighed amounts of the powder were used in the experi¬ 
ments. The buffer solutions employed were mixtures of citric acid (M/10) and 
NagHPC^ (if/15). The substrates were pure hippuric acid neutralized with NaOH, 
and pure Na salts of glycocholic or taurocholic acid. The determinations were 
carried out by Sorensen’s formaldehyde titration using Nj 10 NaOH, taking 
4 ml. of the reaction mixture for each titration. The reaction temperature was 
37°. 

Enzyme experiments, (a) 0-4 g. hippuric acid dissolved and neutralized with 
dilute NaOH; 1 g. of liver preparation; 10 ml. buffer solution pH 7; water to 
35 ml,; 5 ml. toluene. 

(b) (I): 0-7 g. Na taurocholate; 0*5 g. liver preparation; 10 ml. buffer solution 
pH 7; 15 ml. water; 5 ml. toluene. 

(II): like (I), except that the buffer solution was of pH 8. 

(c) (I): like (6) (I), except that the substrate was Na glycocholate. 

(II): like (b) (II), except that the substrate was Na glycocholate. 

Controls: liver preparation-f corresponding buffer solutions; substrates-f 
corresponding buffer solutions. All controls have the same concentration as the 
corresponding enzyme experiments. 

The figures given in Table I are the observed changes after the corresponding 
control values are deducted. 

Table I. Action of dog liver preparation (dried with acetone-ether) on hippuric , 
glycocholic and taurocholic acids . 

Increase in ml. N/10 NaOH per 4 ml. reaction mixture after the 
indicated number of days 



pH 

1 

2 3 

4 

5 6 

7 

8 

9 

10 

11 

12 

Na hippurate 

7 

0-16 0-36 — 

(8-3%) (14-1%) 

— 

1*06 — 
(41-5%) 

— 

— 

— 

— 

— 

1*96 

(77%) 

Na taurocholate 

7 

0 

0 0*08 

— 

0*08 — 

0*16 

— 

0*14 

0*14 

— 

0*08 


8 

0 

0 — 

0*0 

-0*18 

— 

-0*18 

— 

— 

-— 

— 

Na glycocholate 

7 

0*04 

— 0*06 

0*08 

— 0*06 

_ 

— 


0*06 

— 

— 

8 

0*0 

— -0*10 

— 

-014 — 

-0*14 

— 

— 

— 

— 

— 
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Table I shows that the liver preparation contains an enzyme capable of 
splitting hippuric acid, i.e. the classical histozyme. Neither at pH 7 nor 8 were 
the conjugated bile acids split. The slight irregularities observed are due to the 
presence of small solid liver particles in the reaction mixtures and are within the 
experimental error. This result suggests (1) that the enzyme contained in this 
liver and splitting hipj)uric acid is not able to split taurocholic or glycocholic 
acid; (2) that it must therefore be different from that found by other authors in 
the kidneys which splits both hippuric and conjugated bile acids and (3) that this 
liver preparation does not contain the specific enzyme of Mazza & Stolfi capable 
of splitting taurocholic and glycocholic acids. 

At the time these experiments were carried out the paper of the last- 
mentioned authors was unknown to us. Since the technique employed by these 
authors differed from that used by us in that they did not use the dried liver 
preparation directly but extracted it with glycerol, we repeated their experi¬ 
ments with fresh ox liver and made an acetone-ether-dried preparation as well as 
a direct glycerol liver extract according to the details given by Mazza & Stolfi. 
According to these authors both preparations should be active. 

Preparation and study of glycerol liver extracts. 

Liver of a freshly slaughtered ox was used for both preparations according to 
Mazza & Stolfi. 

(a) Glycerol liver extract (direct extraction). The liver was roughly ground, 
minced and triturated with quartz in 90% glycerol in a porcelain mortar. The 
liquid was then filtered off or centrifuged. 

(b) Acetone-ether preparation and subsequent glycerol extraction. The material 
was dried by acetone-ether treatment according to Willstatter & Rohdewald 
and was then extracted with glycerol-water mixture (containing 80% glycerol) 
at 37 during 24 hours. 

The following substrates were used: (1) glycylglycine; (2) dMeucylglycine; 

(3) hippuric acid; (4) Na glycocholate; (5) Na taurocholate. Buffer mixtures: the 
same as used by Mazza & Stolfi, i.e. phosphate* buffers (ilf/15). Titrations accord¬ 
ing to Sorensen, employing 2 ml. of the reaction solutions and xV/10 NaOH. 

(A) Enzymic experiments with glycerol liver extracts. (1) 0*3 g. dZ-leucyl- 
glycine; 8 ml. buffer pH 8; 5 ml. glycerol liver extract; water to 25 ml. 

(2) 0*3 g. glycylglycine, all other components as in (1). 

(3) 1-4 g. hippuric acid neutralized with N NaOH; 8 ml. buffer pH 7; 4 ml. 
liver extract ; water to 25 ml. 

(4) 1*5 g. Na glycocholate; 8 ml. buffer pH 6*2; 4 ml. liver extract; water 
to 25 ml. 

(5) 1*5 g. Na taurocholate, all other components as in (4). 

(B) Experiments using glycerol extract of acetone-ether-dried liver . (1) 0-3 g. 
glycylglycine; 8 ml. buffer pH 8-0; 5 ml. fiver extract; water to 25 ml. 

(2) 1-4 g. hippuric acid neutralized with N NaOH; 8 ml. buffer pH 7; 3 ml. 
liver extract; water to 25 ml. 

(3) 1*5 g. Na glycocholate; 8 ml. buffer pH 6-2; 3 ml. liver extract; water to 
25 ml. 

In all oases described under A and B the appropriate controls were con¬ 
ducted, and the control values observed were deducted from the figures given in 
Table II. The reaction temperature throughout was 37°. 

The results summarized in Table II are in accordance with those of Mazza & 
Stolfi as regards the presence of dipeptidase in both preparations but do not 
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Table II. Action of glycerol ox liver extract preparations on dipeptides, 
hippuric acid and conjugated bile acids . 

Increase in ml. N /10 NaOH per 2 ml. reaction mixture after the 
indicated number of hours 


Substrate pH 1 2 3 19 20 48 

Experiments with extract obtained by direct extraction of liver with glycerol. 

68 

96 

168 

Glycylglycine 

Leucylglycine 

8 0*50 

0*60 

0*65 

— 

1*40 

— 

— 

— 

— 

8 0*22 

0*30 

— 

0*46 

0*48 

— 

0*54 

— 

— 

Na hippurate 

7 — 

— 

— 

0*0 

— 

0*0 

— 

0*02 

003 

Na glycocholate 

6*2 — 

— 

— 

0*0 

— 

0*0 

— 

0*0 

0*0 

Na taurocholafce 

6*2 — 

— 

0*03 

— 

— 

0*0 

— 

0*0 

— 

Experiments with extract obtained by previous treatment of liver with acetone-ether and subsequent extraction 
with glycerol. 

Glycylglycine 

8 0*0 

0*10 

— 

— 

115 

— 

— 

— 

— 

Na hippurate 

7 0-0 

— 

— 

0*0 

— 

0*0 

— 

0*0 

0*04 

Na glycocholate 

6*2 0*0 

0*0 

— 

— 

— 

0*0 

— 

0*0 

0-0 


support the findings of these authors as regards the presence also of a specific 
enzyme splitting the conjugated bile acids. The preparations hydrolysed dl- 
leucylglycine and glycylglycine but, as in the previous case with dog liver, failed 
to split glycocholic or taurocholic acid, although the experiments were carried 
out at the optimum pH or within the pH range given by Mazza & Stolfi for the 
activity of their specific enzyme. Thus no cholic acid could be detected by 
qualitative test in the reaction mixtures. Our results are in agreement with those 
of Domenico and Grassmann & Basu and moreover cover a broader pH range. 

II. The existence of bacteria capable of hydrolysing 

CONJUGATED BILE ACIDS. 

As early as 1876 Hoppe-Seyler supposed that taurocholic acid could be hydro¬ 
lysed by bacteria [1876]. Since cholic acid is regularly found in the faeces, it has 
been assumed that bacterial hydrolysis of the conjugated bile acids occurs during 
their passage through the intestines. This has never been proved experimentally. 
Several authors [Licht, 1924; Rosenthal et al 1927], working mainly with pure 
strains of bacteria known to be present in the intestines, failed to find hydrolysis 
of the conjugated bile acids into their components; they supposed that the 
molecule of the bile acids was attacked by bacteria at other places, the . CONH. 
linkage between the two components remaining intact. 

Isolation of bacteria splitting conjugated bile acids. 

The bacteriological part of the following experiments was carried out by 
Dr M. Aschner. 

A synthetic nutrient medium was used containing 1-2 % of either glycocholic 
or taurocholic acid as sole source of C and N, and the following inorganic salts: 
K2HPO4 (0*1 %), MgS0 4 (0*1%), CaC0 8 (0*2%) and traces of iron. The medium 
was inoculated with small amounts of different biological materials, such as soil, 
contents of the lower part of canine intestines, human faeces and in a few oases 
also human intestinal contents taken during autopsy. After keeping at about 
20-26° under aerobio conditions in positive oases bacterial growth was observed. 
By re-inoculating into the same medium pure cultures of various strains were 
finally obtained, which, as will be shown, are able to hydrolyse glycocholic and 
taurocholic acids, liberating cholic acid. 
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The bacteria are Gram-negative, mobile and produce thick membranes and 
pigments in media containing bile acids. They do not grow in vitro at 37°. A 
detailed description of the bacteriological properties of the strains will be given 
elsewhere by Dr M. Aschner. 

As regards moulds it should be noted that Grassmann & Basu [1931] found 
that an aqueous extract of Aspergillus oryzae splits glycocholic acid very slightly 
but taurocholic acid not at all. We have more than once observed growth of 
mould organisms on synthetic nutrient containing bile acids. 

Detection and isolation of cholic acid liberated from conjugated 
bile acids by bacteria. 

Pure Na taurocholate and glycocholate were used in these as well as in the 
enzymic experiments. Many commercial samples contain significant amounts of 
other substances which caused us much trouble until this source of complications 
was traced. In these experiments the nutrient medium contained besides the 
salts mentioned above 2 % of the conjugated bile acid. In order to avoid pro¬ 
longed heating which favours hydrolysis of the taurocholic acid the solutions were 
sterilized by filtering through a Seitz filter. Solid CaC0 3 was afterwards added. 
To this solution was added a small amount of one of the previously mentioned 
pure cultures of bacteria grown on conjugated bile acid and washed when 
necessary. The solution was kept at 20-25° until bacterial growth was suffici¬ 
ently developed. For the qualitative detection of cholic acid the Mylius reaction 
which is not given by the conjugated bile acids and is specific for cholic acid was 
used: some of the solution to be tested was acidified with N HC1, and after decant¬ 
ing the supernatant fluid the precipitate was dissolved in alcohol; iodine solution 
was added and then water drop by drop with shaking. In the presence of cholic 
acid, green-blue needles suddenly appear which often fill the whole test-tube as 
a voluminous fluorescent mass. In order to isolate the cholic acid, ether was 
added to the solution in a separating funnel and then, with continuous shaking, 
N HCl until acid to Congo red. Under such conditions cholic acid generally 
passes into the ether layer. Only when greater volumes are handled does some 
remain undissolved. The ether layer was dried with CaCl 2 and evaporated. The 
crystalline residue was dissolved in a little hot absolute alcohol and kept for 
some days in the ice-box with repeated scratching with a glass rod. The crystals 
were then collected, washed several times with ice-cooled alcohol and dried 
in vacuo at 100°. They gave all the reactions of cholic acid. In most cases 
crystallization and drying had to be repeated, before the melting point of pure 
cholic acid (197*5°, not corrected) was reached. Identity of this product with 
cholic acid was finally confirmed by mixed melting point. 

Such experiments were carried out with both glycocholic and taurocholic 
acids on a number of strains isolated from the different sources indicated above: 
human faeces, human intestines, dog intestines and soil. The yields of cholic 
acid were relatively considerable. Since the operations of isolation and recrystal¬ 
lization involve considerable losses and also since the cholic acid seems to be used 
as a nutrient by the bacteria, no quantitative data are given. Hitherto it has not 
been possible to separate the enzyme from the bacterial cell. 

As mentioned above the participation of the bacterial flora of the intestines 
in the process of splitting conjugated bile acids has been discussed several times 
in the past, although previous workers have not found such bacteria. 

As regards the physiological interpretation of the present findings the 
following should be noted. 
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(1) It was not possible to isolate the bacteria described from every sample of 
human faeces. 

(2) The bacteria described here do not grow at body temperature in vitro. 

It was attempted to ascertain whether these bacteria are able to hydrolyse 

glycocholic and taurocholic acids at 37°. Cultures of strains from human and dog 
intestines and grown at about 25° were washed free of their medium until they 
did not give the test for cholic acid. They were then introduced into media con¬ 
taining either Na taurocholate or glycocholate and kept at 37° under sterile con¬ 
ditions, together with appropriate controls consisting of the same media without 
inoculation of the different strains. The controls remained negative. In inocu¬ 
lated mixtures it was possible within 24 hours to detect and, where it was 
attempted, also to isolate cholic acid. 

It is therefore clear that the bacteria, although they do not grow at 37° in 
vitro are capable of hydrolysing the conjugated bile acids at this temperature. 

Summary. 

1. A dog liver preparation capable of splitting hippuric acid did not hydro¬ 
lyse the conjugated bile acids. Liver histozyme therefore does not necessarily 
split the conjugated bile acids. 

2. No enzyme splitting the conjugated bile acids (or hippuric acid) was 
found in an ox liver preparation. 

3. Bacteria were isolated from soil, human and dog intestines and from 
human faeces which grow on synthetic nutrient media containing conjugated bile 
acids as sole source of carbon and nitrogen and which split these acids into their 
two components. 

4. Although not growing at 37° in vitro tested strains hydrolysed the 
conjugated bile acids at this temperature in vitro. 

The author is indebted to Mr A. Levin, M.Sc., who collaborated with him in 
the experiments on dog liver. 
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Introduction. 

In Part I fHoughton, 1935] data have been given for: 

(A) The relation between the heat liberated and the percentage saturation of 
haemoglobin with oxygen when haemoglobin is equilibrated with insufficient 
oxygen to saturate it completely. 

(B) The effect of taking and of purification on the heat of reaction of oxygen 
with haemoglobin. 

(C) The relation between the heat of the reaction and the pH and buffer con¬ 
tent of the solution. This question has also been treated theoretically. 

(D) Furthermore Bateman & Roughton [1935] have shown that the “slow” 
heat of reaction l)etween 0 2 and Hb (as measured by the classical methods of 
calorimetry) agrees within experimental error with the “rapid” heat liberated 
in 0*008-0-02 sec. 

These results all conform to simple expectations. The present paper deals with 
the last item of the programme, sketched in Part I, namely : 

(E) The comparison, for purified haemoglobin solutions, of the heat of the 
reaction, as measured directly, with that calculated indirectly from the effect of 
temperature on the oxyhaemoglobin dissociation curve by means of the Van’t 
Hoff Isochore, which runs [Adair, quoted by Barcroft, 1928] 

log Cl (1) 

Vv T ± ~ T 2 g<! C t 

where Q y f =heat of reaction at percentage saturation y ; i?=the gas constant, i.e. 
1-98 calories; C l9 C 2 are the respective concentrations of 0 2 in the gas phase 
required to maintain the haemoglobin at percentage saturation y at absolute 
temperatures T x , T 2 respectively. 

Such a comparison (in the case of purified Hb) has not been made since the 
pioneer work of Barcroft & Hill [1909], in which, however, abnormally high 
values for the heat of reaction were obtained. To secure reliable data of this kind, 
requires preferably a team of workers, owing to the lability of the haemoglobin. 
In the present paper experimental data have been obtained under two different 
sets of conditions: 

(I) At pH 6-8, Jf/15 phosphate buffer (by Goldschmidt, Ray & Roughton). 

In this region it was experimentally possible to get reliable data over a large 

( 2117 ) 
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rang© of temperature (0-40°) and thus to test equation (1) very thoroughly. In 
particular it was desired to check the view of previous workers, that the effect of 
temperature on the dissociation curve is to alter its scale, but not to alter its 
shape. It was also desired to see whether the effeot of temperature could be 
expressed by a smooth relationship, or whether there were, at or near oertain 
temperatures, breaks similar to those reported by Crozier [1924] for complex 
physiological processes. 

The results were not, however, expected to be so clear-cut from the theoretical 
point of view, for within the pH range 6-0-9-0, the heat of reaction is affected by 
the dissociation and subsequent buffering of the oxy-labile H ions which are 
liberated when haemoglobin is oxygenated (for definition of this term and 
discussion, v . Roughton [1935]). Under these conditions an elaborate theoretical 
treatment (v. infra) is needed to arrive at even a provisional relationship between 
the direct and indirect heats. The data were therefore supplemented by a set of 
observations. 

(II) At pH c. 9*5 (by Adair, Barcroft, Herkel, Hill, Keys & Roughton). 

At this pH, both reduced and oxyhaemoglobin are almost entirely in the 
oxy-labile ionized form, and the primary reaction 0 2 -f Hb~ -► 0 2 Hb~, is not com¬ 
plicated by any secondary ionic changes. In this range, haemoglobin is relatively 
stable, but owing to the greater affinity of Hb for 0 2 at alkaline reactions, the 
concentrations of 0 2 in the gas phase could not be estimated with nearly as great 
percentage accuracy as in (I)—hence the calculated values of the heat are subject 
to a much larger error. Had it been possible to work at pH 5*6, where reduced 
and oxyhaemoglobin are both almost entirely in the oxy-labile unionized form, 
this difficulty would have been obviated; unfortunately haemoglobin changes too 
readily to methaemoglobin at this acid reaction, for this to be feasible. 

(III) The last section of this paper (by Roughton), deals with two theoretical 
problems, which have arisen from consideration of the data obtained under (I) 
and (II), viz.: 

(а) The question of the interpretation of the Van’t Hoff Isochore from the 
standpoint of Adair’s [1925] intermediate compound hypothesis of the reaction 
between oxygen and haemoglobin, according to which the reaction proceeds in 
four stages. 

(б) The theoretical basis of the relationship between the direct and indirect 
heats, in the pH range 6-0-9-0 when foreign buffers are present. 

I. EXPERIMENTS AT pH 6*8. 

By S. GOLDSCHMIDT , 1 G. B. RAY and F. J. W. ROUGHTON. 

Experimental methods. 

A. The dissociation curves. 

(a) Purification. The haemoglobin from ox blood was purified by the method 
of Adair et al . [1921]. It was dialysed from 4 to 6 days at 0-1° against a if/15 
phosphate buffer solution of pH 6*90 at 0°. Latterly the dialysis has been 
speeded up by rocking the dialysing sacs in a large shaker. The final solutions 
had an oxygen capacity of 20-26 volumes %: and were stored at 0*5° until 
required. 

(b) Tests were made for the presence and amount of the so-called “inactive 
haemoglobin”. A preliminary comparison of the amount of haemoglobin deter* 

1 From the University of Pennsylvania. 
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mined by the oxygen capacity with that obtained by the method of Stadie [1920] 
and the refractometer [Stoddard & Adair, 1923] gave a measure of the amount of 
haemoglobin which did not combine with oxygen. In none of the solutions used 
did this value exceed 5 %, nor did it increase appreciably during the period of 
experimentation. 

(c) Equilibration of the haemoglobin solutions with varying oxygen tensions 
was carried out in tonometers, similar in design to those described by Austin et al . 
[1922], with the solutions stored in a small accessory tube prior to equilibration. 
The gas mixtures were made according to the method of Krogh & Leitch [1919], 
namely, by washing the tonometer and the attached blood gas reservoir three 
times with oxvgen-free nitrogen and, after a final exhaustion, admitting an 
amount of C0 2 -free air sufficient to give the desired oxygen tension. A measured 
amount of fully or partially oxygenated haemoglobin was drawn into the 
reservoir and then nitrogen admitted to a known pressure, usually atmospheric. 

(d) The temperature . Five different temperatures over the range 0-40° were 
used, the temperature being regulated to within ± 0*1°. 10 min. were allowed for 
equilibrium to be attaint'd. 

(e) Analysis of solutions. The oxygen content of the solutions was, in most 
cases, determined by the Van Slyke manometric apparatus. All results were 
obtained in duplicate and checked to within 0*2 ml. 0 2 per 100 ml., i.e. to within 
about 1% oxvhaemoglobin. In one series of experiments the Barcroft differential 
manometer was used. In this case the oxygen unsaturation (or percentage reduced 
haemoglobin) w as determined by finding out how much 0 2 each sample took up on 
shaking with air. The oxygen capacity of the haemoglobin solution was deter¬ 
mined, by the Van Slyke method, upon a mixed solution remaining from the 
equilibrated samples, this providing a check on any ill-effect resulting from 
manipulation. In no case was the exposure to low oxygen tensions detrimental to 
the haemoglobin, except in one experiment the results of which were discarded. 

All the solutions were free from C0 2 . This was of importance, since C0 2 is now 
known to have a direct effect on the oxyhaemoglobin dissociation curve apart 
from that due to its effect on the pH of the solution [Margaria & Green, 1933]. 

From the difference between the original and final contents of oxygen in the 
haemoglobin solution, and the data from the preparation of the gas mixtures, 
the final tension of oxygen at bath temperature was computed by the method 
suggested by Austin et al. [1922]. The final results of the blood analyses were 
corrected for dissolved oxygen from data given by Ferry & Green [1929] cor¬ 
rected for our experimental temperatures. 

In the series of experiments in which the oxygen content of the solution was 
determined by the Barcroft differential manometer, the final oxygen in the gas 
phase was also determined by analysis in the Haldane apparatus. 

B. The measurement of the heat of the reaction. 

Most of the details of the experimental technique and procedure will be found 
in the earlier paper by Roughton [1935], Here it need only be noted that in the 
heat measurements: 

(a) The haemoglobin solution, which had been prepared for the dissociation 
curve determinations, was diluted with an equal volume of distilled water, so that 
the heat measurements should not impose an undue drain upon the supply of 
purified haemoglobin (of which in each set of experiments about 400 ml. were 
available). It is unlikely that this degree of dilution would have affected the heat 
per mol. of 0 2 combining with Hb. 

(b) In one of the thermos flasks were placed about 200 ml. of the completely 
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reduced Hb solution, in the other an equal volume of 1 % boric acid solution. 
Since, owing to the shortage of haemoglobin, it was impossible to have the two 
solutions in the two thermos flasks 1 identical, the temperature drifts at the 
beginning and end of each experiment were more serious than usual; indeed in 
one or two cases the correction for drift, as applied in the standard manner, 
amounted to as much as 30 % of the total heat change. Such large drifts are no 
doubt also in part due to lack of sterility of the Hb solutions, and possibly to 
other slow secondary changes (such as denaturation) to which purified Hb 
(especially at a pK relatively so acid as 6*8) may be more prone than is whole 
blood. In experiments, particularly with haemoglobin several days old, there was 
reason to suspect such changes. It may be rememl>ered that Brown & Hill [1923] 
noted that whole blood was by far the most satisfactory material to work on. 
Had it been possible to have the same Hb solution in each thermos flask, such 
changes might have cancelled each other out. 

It would certainly have been more satisfactory if the drifts had not been so 
large, but their largeness does not shake our faith in the degree of agreement 
found below between the heat as obtained (a) directly and ( b) indirectly from the 
dissociation curves, for in correcting for the drifts, the observer has no inkling of 
what the final result will be until the very end of the calculation. 



Fig. 1. 

Experimental results and calculations. 

A. The effect of temperature on the dissociation curves . 

Experimental results . Fig. I demonstrates the effect of temperature on the 
dissociation curve of purified haemoglobin of the ox in Mj 15 phosphate buffer, 

1 Unfortunately, owing to an accident at a critical moment, it was necessary#) cany on with 
two rather ill-matched thermos flasks. 
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pH 6-90 at 0°. This family of curves represents the influence of temperature on 
the shape of the dissociation curve. It is noteworthy that the curves are sig¬ 
moidal at all temperatures. A discussion of some previously existing data on this 
subject may be found in Chapter xvi of Barcroft’s book [1928]. 

The points upon the curves were obtained from two separately prepared 
solutions of haemoglobin from different ox bloods, yet the curves drawn from one 
set of determined points serve equally well for the other. 

Inspection of the curves confirms the view of previous writers that the effect 
of temperature is to alter the scale rather than the shape of the dissociation curve. 
That this is quantitatively true can be shown by multiplying the abscissae of the 
various smoothed curves by appropriate 4 coefficients, whereupon the curves all 
reduce to (within experimental errors) a common dissociation curve which is very 
close to that obtained by Forbes & Roughton [1931] for dilute sheep’s blood. 

This result is demonstrated best, not by a graph but by Table I. 





Table I. 
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<r 

10° 
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30° 

40° 
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% O.Hb 

;>0 3 * 0 

p() 2 V 34 
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_ 

— 
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30 

22*0 

— 
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21-2 
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22*5 

40 

27-0 

— 

25-9 

25-7 

20-5 

27*0 

50 

:k>*o 

31-8 

29-2 

301 

310 

31*2 

00 

330 

350 

34-8 

350 

35-8 

35*8 

TO 

— 

— 

43-7 

41-7 

41-8 

41*0 

80 

— 

— 

57-0* 

520 

500 

500 


The column of figures on the right of Table I are calculated from the curve given 
in their Fig. 5 by Forbes & Roughton. With the exception of one point asterisked, 
the effect of temperature at the different parts of the dissociation curve is uniform 
enough. From the multipliers used in Table I the temperature coefficient per 
10° (CJio) of the curves can be obtained. From 0-10° (^ 10 = 1*7(), 10-20° Q 10 = l-79, 
20-30° <? 10 = l-86, 30-40' Q 10 = l*f>0. These figures do not indicate any marked 
“breaks” in the effect of temperature, although to exclude this possibility 
beyond doubt, a much greater number of temperatures would be necessary. 

Relation between tog [0 2 concentration] and I/T at equilibrium. Fig. 2 shows 
the relation between log p0 2 x 273/1 7 at equilibrium and l/T for (1) 30% 0 2 Hb, 
(2) 50% O s Hh and (3) 70% 0 2 Hb. p0 2 . 273/T is the pressure which the oxygen 
would have exerted at the standard temperature of 0° in each case, and hence is 
proportional to the concentration of 0 2 in the gas phase whatever the value of T. 
The curves obtained are practically linear and of very nearly the same slope in 
each case, thus showing that the effect of temperature on the 0 2 -Hb equilibrium, 
as judged by this criterion also, is devoid of the ‘‘breaks”, referred to as possible 
in the introduction, and furthermore is roughly the same at different parts of the 
dissociation curve, as has been found also to be the case by Barcroft [1928] for 
the rougher data given in Barcroft & King’s curves [1909]. 

Comparison of Q as measured directly with value, of Q y ' as calculated, indirectly 
on assumption that the Van't Hoff Isochore can be applied . From Fig. 2 the 
calculated value of Qf using 

50% oxyhaemoglobin = 9400 calories 
70% oxyhaemoglobin ~ 9650 calories 
30% oxyhaemoglobin = 9300 calories 


Mean 9450 calories 
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The heat so calculated is that of the combination of 1 g. mol. O a in the gaseous 
phase with haemoglobin in the liquid phase. Since the calculated value of the 
heat appears to be the same at these different degrees of saturation, the direct 
value should also be constant over this range, and comparison should be justifiable, 
therefore, with the heat measured calorimetrically when the haemoglobin is 
brought from 0 to 70 % saturation with oxygen. 



Fig. 2. 

The directly measured value of Q for the same sample of haemoglobin was 
found to be 9000 ±c. 700 calories over the range 0 to c. 70% oxyhaemoglobin. 
In a second comparison on haemoglobin, prepared from the blood of another ox: 

The value calculated from the effect of five different temperatures (the same 
as in Kg. 2) on the dissociation curve = 9450 calories. 

The directly measured heat at 19° = 9700 calories. 

It may therefore be concluded that the value of Q, as measured directly 
for haemoglobin in Jf/15 phosphate buffer pH 6-8, agrees within experimental 
error with the value of Q v \ as calculated from the Van’t Hoff Isochore in the form 
of equation (1). 

Brown & Hill [1923] found, in the case of borated blood, an appreciable effect 
of temperature upon the value of Q (direct), viz. about —1200 calories per 10°. 
This they attribute, on Kirchoff’s principle, to a slight difference in the specific 
heats of oxygenated and reduced haemoglobin solution. 

No study has been made yet of the effect of temperature ppcfe Q (direct) for 
the purified ox haemoglobin, pH 6*8, used in these experiments, but as regards 
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Qy (as calculated) the fact that log p0 2 .273/3T plotted against 1 jT gives a straight 
line over the range 0-40° suggests that the indirect \alue, Q v \ is not affected by 
temperature over this range, though owing to the rather considerable effect of 
experimental error in the dissociation curves on the calculation of Q y ' it would 
be unwise to exclude the possibility altogether. 


II. EXPERIMENTS AT pH 9.5. 

By G. S. ADAIR, J. BARCROFT, W. HERKEL, R. M. HILL, 

A. B. KEYS and F. J. W. HOUGHTON. 

Experimental methods. 

(a) Prejmration of the haemoglobin solutions . The haemoglobin solutions were 
prepared from ox blood, by a procedure similar to the method (No. I) for the 
preparation of carbon monoxide haemoglobin described by Adair & Adair [1934]: 
instead of adjusting the pH values by dialysis against a standard buffer, the 
haemoglobin was dialysed against distilled water and the solution was made 
alkaline with N sodium hydroxide, which was added slowly, with continuous 
stirring, in order to minimize the risk of denaturation, until the final concentra¬ 
tion of sodium hydroxide was N} 16. The titration curves of Hastings et al. [1924] 
indicate that the pH value of such solutions exceeds 9*5, which is sufficient to 
ensure that both oxygenated and reduced haemoglobin are present almost 
entirely in the oxy-labile ionized form. 

Two separate preparations were made ill this way: 

(i) contained a total haemoglobin content (determined refractometrically) 
of 0-00996 equivalent/litre. 1 The oxygen capacity determined gasometrically 
was 0 00899 equivalent/litre, so that 10% of the haemoglobin was “inactive”, 

(ii) contained a total haemoglobin content of 0*0102 equivalent/litre, of 
which 0 00978 equivalent/litre were gasometrically active. The '‘inactivation” 
in this case thus only amounted to 2-4 %. 

(b) Equilibration a?id analysis of the. Hb solutions. The solutions were equili¬ 
brated in the tonometers described by Barcroft [1934] in a constant temperature 
bath: 

(i) The oxygen contents of the equilibrated solutions were determined in 
duplicate by means of the Van Slyke manometric apparatus. The duplicates, on 
the average, checked to within 0-2 ml. 0 2 per 100 ml. solution, i.e. to within about 
1 % oxyhaemoglobin. 

(ii) The oxygen pressure in the gas phase after equilibration was determined, 
in the usual way, by means of the Haldane gas analysis apparatus. In some cases 
it was also calculated from a knowledge of (a) the total oxygen introduced into 
the tonometer at the start (i.e. the sum of the oxygen introduced into the gas 
phase and the oxygen introduced via the haemoglobin solution), (/S) the oxygen 
content of the haemoglobin solution at the end of equilibration and (y) the 
volumes of the gas phase and liquid phase in the tonometer. The oxygen pressure, 
so calculated, agreed to within 0*1 mm. Hg on the average with the pressure 
as determined by the direct analysis. The degree of agreement is well within the 
limits of experimental error of the methods. 

(iii) The temperature. Experiments were done over the temperature range 
9-39°. No observations were made at the lower temperature of 0°, as in the work 
at pH 6*8, since in the present case the oxygen pressures at 0 C would have only 

1 1 equivalent of haemoglobins the weight containing 56 g. iron —16,800 g. 
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been of the order of 0*5 mm. Hg, and therefore too small for accurate analysis by 
the ordinary Haldane apparatus. 

(c) The heat of the reaction . The details of the measurement were almost the 
same as at pH 6-8, but since larger volumes of haemoglobin solution were available 
and much less was required for the dissociation curve determinations, sufficient 
haemoglobin solution was left over for both the thermos flasks to be filled with 
the same solution. This, as pointed out in Section I, gives increased accuracy over 
that obtainable with differing solutions in the two flasks: furthermore, in these 
experiments the latter were well-matched in size and thermal conductivity. 
Greater confidence can hence be placed in the direct calorimetric measurements 
of this Section than in those of Section I. 

Experimental results and conclusions. 

Two different preparations of purified ox haemoglobin solution were used. 

Fig. 3 shows the dissociation curve points obtained on the first preparation 
at temperatures 9, 19, 29 and 39°. From these data, the average value 1 of the 
heat of the reaction 0 2 gas (at constant volume) + haemoglobin oxyhaemo- 
globin was calculated for the three temperature ranges, viz. 

9-19° heat = 12,500 calories, 

19-29° heat = 12,400 calories, 

29-39° heat = 13,700 calories. 



Fig. 3. 

The heat, as measured directly at 19°, was 12,400 calories. This is to be com¬ 
pared with the mean of the calculated values for the ranges 9-19° and 19-29°, 
viz. 12,450 ±1200 calories. 

1 By using, for the calculations, as much of the smoothed dissociation curve aa was available at 
each temperature. 
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From similar data for the second haemoglobin solution, the calculated values 
for the heat are as follows: 

9-19° heat = 15,100 calories 
19-29° heat = 13,100 calories _ 

Average = 14,100 calorics ±c. 1000. 

The direct measurement of the heat for this reaction gave 14,250 calories at 
a temperature of 19°. The indirect measurements may be subject to an error of 
1000 calories, since, as already emphasized, they arc based on measurements with 
relatively low gas pressure. 

Within the limits of experimental error the calculated values of the heat 
agree with those determined directly by the calorimetric method at this pH 
also. 


THEORETICAL DISCUSSION. 

By F. J. \V. ROUGHTON. 

Theoretical consideration of the relation between the heat of 

THE REACTION AND THE EFFECT OF TEMPERATURE ON THE DISSOCIATION 

CURVE. 

The simple form of the Van’t Hoff Isochore used so far in this work, viz.: 

q;=rx y^x log,,;:*. 

can be shown to be a necessary consequence both of: 

(a) Hu frier's theory, according to which the reaction, from the mass action 
point of view proceeds simply as 

1 mol. Hb+1 mol. 0 2 1 mol. 0 2 Hb. 

(b ) Hill’s theory, i.e. that the reaction proceeds in the form 

Hb w +*0 2 ^(Hb0 2 ) n . 

Neither of these earlier theories, however, can now be regarded as valid for 
mammalian haemoglobin: their place has at present been taken by the inter¬ 
mediate compound hypothesis of Adair [1925]. How does the simple form of the 
isochore fare on this theory ? 

Writing the reduced haemoglobin molecule as Hb 4 to express the fact that it 
can combine reversibly with 4 molecules of oxygen, Adair’s hypothesis states 


that the reaction occurs in four stages. 

Hb 4 + 0 8 ^ Hb 4 0 8 equilibrium constant, K lf heat of reaction — (2*1), 

Hb 4 0 a + 0 8 Hb 4 0 4 equilibrium constant A 2 , heat of reaction-^ .(2*2), 

Hb 4 0 4 4 0 8 Hb 4 0„ equilibrium constant A s , heat of reaction = (*> 3 (2*3), 

Hb 4 O e + 0 8 Hb 4 0 8 equilibrium constant A 4 , heat of reaction — (2*4). 

This theory leads to the equilibrium equation 


_ % oxyhaemoglobin _ A, C + 2K\ A 2 C* + 3 A, A 8 A, C* + 4 A x A, A, A 4 C* 
y ~ 100 i(l+K x C~+K 1 K& + K 1 K l K t &+K l k t K i K t V > )' 

where C s= concentration of oxygen in the gas phase. 

These equations obviously do not, in general, lead to so simple a form of the 
Van’t Hoff Isochore as that given in equation (1). First then we must ask whether 
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there are any special conditions in which the simple equation (1) would be 
theoretically expected to be valid. 

One of tbe basal assumptions made in the thermodynamic deduction of the 
Van’t Hoff Isochore readily gives the clue. For equation (1) to be rigorously 
valid, the concentration of every reactant, except 0 2 , must be the same in the 
equilibrium at temperature T x as at T 2 . This means that 

(а) At any given percentage saturation y, the concentration of each inter¬ 
mediate compound must be unaltered by change of temperature. This can only 
be the case if 

(б) The heats of the intermediate reactions, i.e. Q l9 Q 2 , Q 3 , Q 4f are all exactly 
equal. 

The following conditions also follow from (a) and (6). 

(c) The dissociation curve at T 2 must be an exact replica of the dissociation 
curve at T lf i.e. it must be possible to make the two curves coincide exactly, 
just by multiplying the abscissae of one of them by an appropriate constant 
factor. 

(d) The value of Q J as calculated from equation (1) must be the same, what¬ 
ever value of y is chosen. 

(e) Qy must be equal to Q, the heat as given by direct calorimetry, whatever 
the range of percentage saturation chosen in the calorimetric measurements. 

Conversely if conditions (c), (d), (e) hold good, so then must also conditions (a) 
and (6). 

In point of fact conditions (a) and (6) were implicitly assumed to be true by 
Adair [1925] in his derivation of the simple form of the isochore (equation (1)) 
on the intermediate compound hypothesis. These assumptions have not, how¬ 
ever, been tested experimentally, there being at present no way of measuring 
either the concentrations of the individual intermediates or of the heats of their 
reactions with 0 2 , i.e. Q x , Q 2 , Q 3 , Q A . But the experimental work, both of 
previous investigators [summarized by Barcroft, 1928] and of these papers, shows 
that conditions (c), ( d) 9 (e) are, within experimental error, realized. Does it 
follow from this that, if the intermediate compounds exist, their heats of reaction 
with 0 2 must all be equal ? 

This question has been tackled by numerical trial and error, with negative 
result, for it has been found that conditions (c), (d) and (e) can hold good (within 
experimental error) even when values of Q l , Q 2 , (? 3 and (? 4 , which are widely 
different from one another are chosen. A single example will be sufficient to 
quote: 

Let us, at temperature T 19 take the first set of values of K lt A r g , K it K A put forward by Forbes 
& Roughton [1931J in Table VI of their paper, viz. = 0-4, A t ~015, A' g =0*06, A 4 =4-5. These 
values fit Forbes & Roughton’s dissociation curves within experimental error, and if the scale of 0* 
pressures be suitably adjusted, they also fit the curves given in Section I. 

Now suppose Q t — 12,000 calories, % = 12,000 calories, Q g =24,000 calories, C 4 = 0 calories. 
Choose a temperature T % so that (K x at T 1 )/(A ] at T t )~2 t therefore (K x at T t ) —0-2. 

Then (A r g at 7 T 1 )/(A £ at T g )=2, therefore A' t at 0*075, 

(A* at T X )!{K Z at T a )=4, therefore K s at T t =0*015, 

(A 4 at Tj)/(A 4 at T t ) - 1, therefore K t at T t =4*5. 

For simplicity we shall assume that the reaction is either so alkaline or so acid that there are no 
secondary effects due to changes in ionization of the haemoglobin when oxygenated. 

Three representative points on the respective dissociation curves at temperatures T lt T t have 
been calculated from these equilibrium constants and are given in Table II. 
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Temperature J\ 

pO. % 

mm. Hg saturation 

1 1007 

2*5 30-30 

5 77*69 


Table II. 

Temperature T % 

P°, "o . 

ram. Hg saturation 

2 9-98 

5 35-95 

10 77-74 


Heat of reaction 

f - A -\ 

Indirect Direct 

12,090 12,120 

12,150 12,150 

11,990 12,110 


It is obvious from the table that the two dissociation curves, if the pressure scale for the T 2 curve 
is compressed to one half, could not experimentally be separated from one another except by 
methods which wore much more accurate than those at present available, i.e. condition (c) holds 
within experimental error. 

The fifth column gives the heat as calculated from the offect of temperature on the oxygen 
pressure necessary to give equilibrium at the three different percentage saturations, shown in the 
second column of Table II, equation (1) being used for the calculation. The values again are too 
close to be separated by experiment, i.e. condition (rf) holds within experimental error. 

Finally column 6 gives the values which would be obtained by direct measurement of the heat 
per g. mol. 0 2 combining when the haemoglobin is brought from zero percentage sal uration to each 
of three percentage saturations shown. The mode of calculat ion of these values may be illustrated 
by an example: 

At temperature 7’,, p() 2 1 mm., equations (2*1), (2-2), (2*3), (2*4) give: 

|Hb 4 ] = 67*60% of total haemoglobin 

lHb 4 () 2 )^27*04 
f H b 4 (') 4 1 as 4*04 
j Hb 4 () 6 ] — 0*24 
f Hb 4 O g ] 1*08 


Therefore heat per g. mol. () 2 combining, if directly measured over the range 0-10*07 ° 0 O a Ffb 

would be . (27-04 x , 2i(KX)) + 4 .()4 x { 1 2,000 + 12,000) 

• + 0-24 x (12,000 +12,000 + 24,000) 

.. . * (»2.000 + 12,000 + 24,000 + 0) „ 

(27-04) + (2 I 4-04) + (3 x 0-24) + (4 x 1-08) 

Column 6 shows that the directly measured heats would also be practically independent of the 
percentage saturation, and would be within experimental error, though not mathematically equal 
to the indirectly calculated heats. So condition (e) would also hold good. 


Thus, in spite of the large differences between the heats of the several inter¬ 
mediate reactions, the haemoglobin would behave over the range 10-80% 
saturation practically in the same way as it would do if the heats of the inter¬ 
mediate reactions were all the same. The range mentioned represents the limits 
usually chosen in such studies, since above 80% the dissociation curve becomes 
too flat for accurate calculations to be made, whereas in the region below 10 % 
the degree of saturation and 0 2 pressure are too small to lx* measured precisely 
enough. If, however, very accurate measurements could be made at the extreme 
top of the dissociation curve, i.e. between 90 and 100%, the discrepancies 
postulated in our example would be brought to light, for in this special range, 
the curve would depend practically on the value of if 4 alone, and would thus be 
unaffected by temperature. This region of the dissociation curve, the importance 
of which has been emphasized elsewhore [Roughton, 1934] has not yet been made 
accessible to accurate measurement of the type required. These arguments thus 
lead to the following rather disappointing conclusions: 

(i) That constancy, within experimental error, of the heat of reaction of 
haemoglobin with oxygen, over the whole range of percentage saturation, whether 
measured directly or calculated indirectly, does not in itself tell us anything 
about the heats of the intermediate reactions, nor indeed does it either support or 
disprove their existence. 
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(ii) That the simple form of the Van’t Hoff Isoehore (v. equation (1)), 
though a necessary consequence of the earlier theories of Hufner and of Hill, is 
not a necessary consequence of the intermediate compound theory, though it 
may, on the latter theory, be approximately or even exactly correct. 


The relation between the directly measured heat and the indirectly 

CALCULATED HEAT WHEN FOREIGN BUFFERS ARE PRESENT. 

The equation log e (l/2\-1 /T 2 ) would not be expected thermodynamic- 

ally to yield a value of Q v ' agreeing exactly with the directly measured 
value of Q if the pH of the haemoglobin solution is such that there is a change of 
pH on oxygenation. For, in such a case, the concentrations of the oxy-labile 
ionized and oxy-labile unionized fractions at T 1 and T 2 may not bo the same, even 
if the total concentrations of oxyhaemoglobin and reduced haemoglobin at the 
two temperatures T x and T 2 are the same. The difficulty will only be avoided if 
the reaction is either so acid that the haemoglobin (oxy- and reduced) is all in the 
oxy-labile unionized form, or so alkaline that the haemoglobin is all in the oxy- 
labile ionized form. Of these, only the latter is at present accessible to experi¬ 
mental observation, and it was for the sake of simplifying the issue in this manner 
that the studies recorded in Section II were made. 

We have previously shown [Houghton, 1935] how to calculate, in the inter¬ 
mediate range of pH, the relation between the directly measurable heat of reac¬ 
tion and the pH and buffer content of the solution; reference should be made to 
this treatment for a full understanding of the symbols used below. We shall now 
do the same as regards the indirectly calculable heat. In order to handle the 
problem, it is necessary to make certain assumptions, which, though not yet 
experimentally verified, are reasonable ones and, if accepted, lead to the con¬ 
clusion that Q v ' and Q should, in fact, agree with one another within experimental 
error even though such an exact equality is not thermodynamically inevitable. 

The principal assumption to be made concerns the relation between the 
oxygen concentration, < 7 , required to produce a given degree of saturation, and 
the hydrogen ion concentration of the solution. The simplest assumption appears 
to be of the type w . v v 

n~n n+A itw- <l o /qv 

C_Ca H+A'o'^R . 

where C a = concentration required when the reaction is so alkaline that the haemo¬ 
globin is completely ionized as regards the oxy-labile portion; K 0 , K n are the 
oxy-labile ionization constants of oxy- and reduced haemo-globin respectively. 

Table III. Relation between oxygen pressure for 50°j 0 saturation and 
hydrogen ion concentration. 

(Data of Ferry & Green [1929) for horse haemoglobin at 25°.) 

H + tfu JT 0 


If Cz 




pH 

H 

C* (observed) 
C* calculated (i) 

(ii) 


6-77 

1-7 x 10” 7 
9*7 

10-0 

10-5 


70 7*38 7*65 7*95 8*4 

1*0 x 10~ 7 4 17 x 10- 8 2*24 x 10“* 1*18 x 10~ 8 4*0 x 10~* M 
8*0 4-8 3*6 2*0 1*3 

7*5 4*4 2*9 2*0 1*4 

8*2 5*5 3*5 2*2 1*4 


8*8 

2 x 10“* 
M 

1*1 

M 


C - concentration of oxygen in gas phase, expressed as j x 1900. 


(i) K q =2 x 10- 7 , JT R =9*4 x 10-». 

=5 y 1 ft—7 ~ 
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If Jl 0 —2x 10 7 , and lies between 7 x 10~ 9 and 9x 10~ 9 , this equation 
gives a reasonably good fit for the relation between C and H for 50 % saturation 
of the haemoglobin (horse) in the case of Ferry & Green’s data [1929], as shown 
in Table III. J 

If equations (1) and (3) are valid at different temperatures 


+ aiog e (H+^ R ) a i og , <h + k 0 ) a log, k 0 a log, k \ 
XT* ^ BT BT ^ BT — w - + ~BT - BT — 

.(4). 


If the respective variations of C a , Kq , Jand H with temperature are known, 

then the value of is calculable, and hence the indirect value for the heat of 

reaction. Of these 

(i) a lo & °« - - gjj y 
' ' BT RT* 9 


where =heat of the reaction 0 2 -f Hb“ - 
1935]. 


(ii) 


jHog,*, 

BT 


o _ 


0 2 Hb“ = 13,400 calories [Roughton, 
RT *’ 


where $ 0 =heat of oxy-labile ionization of oxyhaeraoglobin which is taken= 
9000 calories. 

g l og, A u _ - Qr 
BT Rt* * 


(in) 


where Q n — heat of oxy-labile ionization of reduced haemoglobin. 
With the aid of (i), (ii) and (iii) equation (4) thus becomes 

r Qv _ “ Qh\< __ Qo , Qr log, (H 4- Ar) _ B log, (H + K 0 ) 
RT 2 RT* RT*^RT*~ r " BT " BT 


Let C Ilb = the heat of the reaction 0 2 +Hb 0 2 Hb. Then by the Conserva- 

taon of Energy «o + C«r-C B +«,» .(5)- 


Therefore 


or 


__ Qv _ Qh\> , ^ log, (H + K*) B log, (H +K 0 ) 

rt * ar “ ar * 

Qv=Q m -RT* *- ) +J?r 2 


ar 


.(«)• 


According to Roughton [1935], # nb = 11,400 calories, and therefore 
2000 calories, so Q^ — Qq must, by equation (5), also be taken as 2000 calories, 
i.e. the heat of combination of oxy-labile H ions with reduced haemoglobin should 
be appreciably greater than with oxyhaemoglobin. It would be interesting but 
difficult to test this by direct calorimetric experiments. 

According to Roughton [1935], the corresponding value of the directly 
measurable heat is given by the equation 


Q ~ Qwr Kr + R H ' + Qnu k r + H' + ^^ ^b) (h'+A’ H + A') .^ 


Where H, H'=the hydrogen ion concentrations of the solution after and before 
oxygenation respectively; A = molar concentration of the foreign buffer/Hb 
concentration in equivalents/litre; K =ionization constant of the foreign buffer, 
Q a its heat of ionization; Q H =heat of ionization of haemoglobin. 

Equation (6) is of quite different form from equation (7) and hence the value 
of Qy calculated therefrom should not necessarily turn out to be the same as the 
value of Q calculated from equation (7). 

(iv) The variation of [H] with temperature. 
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If the [H] of a haemoglobin solution at temperature T x and a certain percent¬ 
age saturation is known, the [H] of the same solution (at the same percentage 
saturation) can be calculated at temperature T 2 by means of an equation based 
on the following consideration. 

When the temperature is changed the titration curve, both of oxyhaemo- 
globin and reduced haemoglobin, is shifted parallel to itself by 0-24 pH according 
to Stadie & Martin [1924]. Hydrogen ions are thus released from combination 
with haemoglobin by rise of temperature and are taken up by the foreign buffer. 

If, for example, f 2 — T x = 10°, 

pH a , pH 2 are the respective pH values at T v T 2 , 

Hj, H 2 are the respective hydrogen ion concentrations at T x , T r 

Then /3 [0-24—(pHj —pH 2 )]=hydrogen ions ionized from haemoglobin owing 
to the change of temperature, where jS = total buffer power of the haemoglobin 
solution. 

These must be practically all taken up by the foreign buffer. If K x , K 2 are the 
respective ionization constants of the foreign buffer acid at temperatures 7 \, T 2 , 
then the amount taken up by the foreign buffer 

, r *1_ K* i 

U^+h, jr.+ftJ- 

Therefore j8 [0-24-(pH,-pH,)]=,4 .W- 

The change in H with temperature can thus be calculated, equation (8) being 
rapidly and simple soluble, by the method of successive numerical approxima¬ 
tion. All requirements for the calculation of the ‘‘indirect heat” are now to 
hand. Such calculations have been carried out for haemoglobin of concentration 
0*01 equivalent/litre in 

(i) M/15 phosphate pH 6-695, /} = 2*27; 

(ii) Mj 15 phosphate pH 7*042, j8 = 2*27. 

The percentage saturation chosen for the calculation of Q was 50%, the tem¬ 
perature range 8-18°, and the following values were assumed for the ionization 
constants: 

pK 0 at 18° = 7*00, at 8° = 7*24. 
pK n at 18° = 8*50, at 8° = 8*80. 
pK (phosphate) at 18° = 6*80, at 8° = 6*83. 

These assumptions conform precisely with those adopted in Table III of the 
previous paper [Roughton, 1935] for (i) pH = 6*67, j8 s * 2*0, (ii) pH - 7*0, j8 s =2*01, 
for the values of the ionization constants at 18° are the same as those used 
previously in the direct heat calculations and the values of the constants at 8° 
have been calculated from the corresponding values at 18° by means of the 
Van’t Hoff Isochore, the values assumed for the various heats of ionization being 
those which were used in the direct heat calculations, viz. $ o = 9000 calories, 
11,000 calories, Q (phosphate) = 1000 calories. 

Table IV shows that the indirect heat and the direct heat, calculated in this 
manner, agree with one another empirically to within 150 calories—a figure which 
is well within the limits of error of either of these heats, when determined 
experimentally. 

A similar degree of agreement in the calculations has also been found in the 
other cases dealt with in Table III of the previous paper [Rougfcton, 1935], viz. 
haemoglobin in M /6 borate buffer solution pH 7*6, and C0 2 -free haemoglobin, 
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Table IV. Comparison of direct and indirect heats far haemoglobin of 
concentration = 0-01 equivalent/litre in M/15 phosphate. 

Direct heat Q range 

}>H 0-100% saturation Indirect heat Q M ' 

6- 695 9930 10,000 

7- 042 9120 9,250 

without added buffer, pH c. 84. Although a generalization would perhaps be 
unwise there seem fair grounds for concluding that, if the assumptions mentioned 
above (which, though reasonable, are not as yet experimentally verified) be 
correct, the heat of combination of oxygen with haemoglobin as measured directly, 
should agree with the heat, as calculated indirectly by means of the Van’t Hoff 
lsochore, not only in (i) the theoretically simple regions, namely those of very acid 
or of very alkaline reaction but also in (ii) the relatively complicated situation, 
which arises when there is present in addition to the haemoglobin a foreign 
buffer with a heat of ionization very different from that of haemoglobin. 

CoNCLrsioxs. 

The experimental data of this paper have shown that the effect of tempera¬ 
ture upon the oxvhaemoglobin dissociation is related to the heat of the reaction 
by means of the simple form of the Yan't Hoff Isochore given by equation (1), 
within the limits of experimental error. This statement holds good, not only for 
the theoretically simpler experiments at alkaline pH, but also in the more com¬ 
plex conditions which obtain at pH f>*8, in the presence of foreign buffer (Mjl5 
phospliate bu ffer). 

The significance of this agreement has been reconsidered in the. light of the 
newer knowledge of the mechanism of the oxygen-haemoglobin reaction, which 
Adair's work f 1925] on the molecular weight and Van Slyke's work [summarized 
by Peters and Van Slyke, 1931] on the titration curves of oxy- and reduced 
haemoglobin have given us. The theoretical treatment of this section—somewhat 
cumbersome it must be admitted—shows that the success of the simple form of 
the Van’t Hoff lsochore (1) is compatible, within the limits of experimental error— 
though not necessarily with mathematical exactitude—with the intermediate 
compound hypothesis of Adair and with the concept of the oxy-labile ionization 
of haemoglobin, though it neither strengthens nor weakens the basis on which 
either of these views at present rests. Although the thermochemical study of the 
oxygen-haemoglobin reaction has thus brought forth new, and in some cases 
interesting, data it has not as yet shed any essentially fresh light on the nature 
of the reaction. This is disappointing in view of the hopes which earlier workers 
attached to this mode of approach. 

The procedure for calculating the relation between the directly measured 
heat and the indirectly calculated heat when foreign buffers are present is of 
a general kind and could be applied to other cases, besides the special ones 
considered in the last subsection. An important case to consider, from the 
physiological point of view, would be that which exists in blood in vivo , wherein 
the red cell pH is 7*0-7*3 and there is much foreign buffer present, namely in 
the form of the HC0 3 —H 2 C0 3 —C0 2 system : this has not yet been done, owing 
to lack of a further essential piece of knowledge, namely the heat of direct com¬ 
bination of C0 2 with haemoglobin in the carbamino-form. Recent work has 
shown that under physiological conditions the latter reaction is as intimately 
connected with the oxygenation of haemoglobin, as is the oxy-labile ionization 
reaction, to which so much attention has hitherto been paid above. The 
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carbamino-reaction has been left out of account in the present paper, because 
in all the experiments here quoted, the solutions were freed of C0 2 and hence 
contained no appreciable amount of carbammo-compounds. 

Summary. 

1. The effect of temperature on the oxyhaemoglobin dissociation curve has 
been studied on solutions of purified haemoglobin 

(а) at pH 6*8, in Jf/15 phosphate buffer; 

(б) at pH 9-5. 

The results are essentially the same in the two cases, but for reasons given in 
the text, have been more fully and accurately worked out in (a). 

2. Temperature alters the scale, but not the shape, of the dissociation curve: 
thus the value of the heat, Q v ' } as calculated from the Van’t Hoff Isochore 

<2, , =5^ 1 °g.C 1 /C',, 

is independent of y, the percentage saturation chosen for the calculation. The 
other symbols are defined in the text. 

3. The value of Q y ' thus calculated agrees, within the limits of error, with 
the directly measured heat of the reaction, Q, both at pH 6-8 (average value 
9350 calories) and at pH 9*5 (average value 13,300 calories). 

4. The theoretical aspects of the comparison mentioned under 3 have not, 
hitherto, been fully considered in connexion with (i) the possible existence of 
compounds intermediate in composition between completely reduced haemo¬ 
globin, Hb 4 , and fully oxygenated haemoglobin Hb 4 0 8 ; (ii) the presence of haemo¬ 
globin both in the oxy-labile ionized form Hb~ and the oxy-labile unionized form 
Hb. One of the objects of this paper was to fill up these gaps. 

5. It is pointed out that if intermediate compounds such as Hb 4 0 2 , Hb 4 0 4 , 
Hb 4 0 6 be present, the overall heat of reaction measured directly need not 
necessarily agree with the value of Q y ' as obtained by calculation, nor need 
either heat be independent of the range of percentage saturation chosen, if the 
heats of the intermediate reactions vary. An example, worked out in the paper, 
shows, however, that the heats of the intermediate reaction can be quite 
different from one another without there ensuing any appreciable discrepancy 
between Q and Q y ', or any dependence of either upon the percentage satura¬ 
tion y. Experimental agreement between Q and Q y and independence of either of 
y does not therefore prove or disprove the existence of intermediate compounds. 

6. The problem of relating the indirectly calculated heat Q y ' to the pH and 
foreign buffer content of the haemoglobin solution in the pH range 6-0-10*0 is 
also worked out. Numerical computations for certain typical cases of this kind 
show that empirically the value of Q v ' should agree closely with the directly 
measured value of Q even though such agreement is not thermodynamically 
necessary. 
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In view of the great physiological importance of urea in protein metabolism, its 
diagnostic significance in diseases and its wide distribution in the tissues of 
organisms, numerous methods have been developed for its quantitative estimation 
in micro- and macro-quantities. Most of these methods involve its preliminary 
decomposition with urease and subsequent titrimotric or colorimetric estimation 
of the ammonia or the manometric determination of the C0 2 of the ammonium 
carbonate [Van Slyke, 1927]. A comprehensive survey of the methods avail¬ 
able to the analyst is given by Peters & Van Slyke [1932]. 

Increasing importance is attached to micro-methods for elucidating physio¬ 
logical processes necessitating the study of reactions in single cells or in isolated 
regions of specific tissues. The micro-method developed by Linderstrom-Lang 
[1933] for the estimation of ammonia represents an extreme refinement in 
technique, but in common with most other methods when applied to the deter¬ 
mination of urea, involves a high degree of manipulative skill and is laborious 
and time-consuming. Colorimetric methods with an error of 2-3% are not suffi¬ 
ciently accurate; the manometric method with an accuracy of 1% and the 
micro-method of Conway [1933] are the two convenient methods available for 
the estimation of urea. 

The applicability of conductometry to the study of the hydrolysis of urea, 
suggested by Bayliss [1925], was examined by Sastri & Sreenivasaya [1936] and 
it was shown that the progressive increase in electrical conductivity in the urea- 
urease system is a true measure of the hydrolysis of urea. It was further observed 
that the changes in conductance accompanying the hydrolysis were of consider¬ 
able magnitude and could be employed when the quantity of urea was as low as 
5 x 10~ 5 g. The present communication gives a critical study of the method and 
its application to a determination of urea in blood and other biological fluids. 

Experimental. 

The usual Kohlrausch bridge method was employed. A calibrated Kohl- 
rausch slide wire—which can be read to 1 part in 100,000 when extension coils 
are in circuit—a 4-dial resistance box and an Arrhenius-Ostwald cell (cell 
constant 0*5879) formed the components of the circuit. With the cell employed 
about 6 ml. were required for immersing the electrodes. The cell was immersed 
in a thermostatic bath maintained at 30*0° ± 0*1°. The Audio-Oscillator (General 
Radio Co.) giving an alternating current of frequency 1000 was employed as the 
souroe of high frequency current and a telephone receiver was used for detecting 
the null-point. The capacitance of the cell was balanced by means of an air 
condenser connected in parallel with the resistance box. 
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2*6 ml. of the urea-containing solution were placed in the conductivity cell 
together with 1-3 ml. of if/20 phosphate buffer (pH 7-0) and sufficient con¬ 
ductivity water to make up the volume to 6*5 ml. and the contents of the cell 
well mixed. The cell was immersed in the thermostat, and after about half an 
hour the resistance was measured at 5-min. intervals till a constant value 
was obtained, indicating that the contents of the cell had reached the 
temperature of the thermostat. 0*5 ml. of a dialysed urease solution, raised 
to the temperature of the thermostat, was added and the cell contents well 
mixed. The addition of the enzyme was timed by a stopwatch; the first reading 
can be conveniently taken after an interval of 30 sec. Subsequent readings are 
taken at 1 min. intervals. The quantity of enzyme employed was such as to 
effect complete hydrolysis of the urea in 5-15 min. Table I gives the results 
obtained with 1*02 mg. and 0*10 mg. of urea. 


Time 

min. 

0 

30 

35 

40 


0-5 

1 

2 

3 

4 

5 
10 
15 
20 
30 


Table I. 


1-02 mg. of urea 


Balancing 

resistance Bridge 

ohms reading 


0-10 mg. of urea 


Balancing 

resistance Bridge 


ohms reading 


Before addition of enzyme. 

160 660 440 640 

180 640 440 520 

160 642 440 621 

160 641 440 520 


After addition of enzyme. 

160 687 440 623 
160 662 440 604 
160 581 440 666 
160 515 440 636 
160 460 440 620 
160 421 440 612 
160 333 440 607 
160 319 440 607 
160 316 440 607 
160 319 440 — 



Conductivity x 10* 


Big. 1. 

Table II, Relation between change in conductivity and quantity of urea. 

Quantity of urea (mg.) 0-061 0-102 0-212 0-330 0-408 0-608 0-636 0-817 0-847 1-021 
Charge in conductivity 0-42 0-72 1-34 2-00 2-43 3-03 3-72 4*76 4-98 5-60 
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The readings are plotted on a graph, time against resistance and by extra¬ 
polation the resistance at 0 time can be read. The total change in resistance 
gives a measure of the electrolyte released during the reaction and hence the 
quantity of urea. 

The change in conductivity accompanying the hydrolysis of varying quan¬ 
tities of urea (0-05-1-0 mg.) was determined similarly, and from the readings 
obtained a graph (Fig. 1) showing the relation between quantity of urea 
and change in conductivity was prepared. Table II gives the readings ob¬ 
tained. 

This graph could be used for obtaining urea values of different physiological 
fluids such as blood, urine and milk. 

Applications. The method has been employed for the estimation of urea 
in blood, urine and milk. The soya enzyme used in these experiments was 
prepared by Van Slyke and Cullen’s acetone precipitation method [1914]. 
To test the applicability of the method, two series of experiments were carried 
out: (I) known quantities of urea were added to a definite volume of blood, milk 
or urine and the quantity of urea thus added estimated by the conductometric 
method, and (2) the values obtained by the conductometric method were com¬ 
pared with those obtained by the well-known aeration-titration procedure of 
Van Slyke & Cullen [191f>]. The results obtained with additions of known 
quantities of urea are tabulated in Table III. 


Table III. Estimation of added urea. 


Quantity of urea 
added mg. 

0-102 

0*204 

0-408 


mg. urea estimated after addition to 


t ... ."" A 

Blood (sheep) Urine (human) Milk (cow) 
0-20 ml 0-01 ml. 0*50 ml. 

0-100 0-100 0-099 

0-205 0-203 0 200 

0-399 0-391 0-401 


The difference in conductivities before and after addition of urea is a measure 
of the change due to the added urea. There is close agreement between the added 
and estimated values. 

The results obtained by the conductometric and titrimetric methods are 
compared in Table IV. The quantities of blood and urine employed for the 
aeration-titration method are respectively 5 and 1 ml. The corresponding 
quantities for the conductometric method are 0-2 and 0-01 ml. 


Table IV. Comparison of aeration-titration and conductometric methods . 




mg. of urea in 

A ... 

Method 

Aeration-titration 

Conductometric 

r 

Blood (sheep) 
5-0 ml. 

2-6 

2-5 

Urine (human) 1*0 ml. 

A 

Sample 1 Sample 2 Sample 3 

6*8 10-1 7-3 

6-7 10-0 7-6 


The close agreement between the two sets of values establishes the applica¬ 
bility of the conductometric method to the estimation of urea in physiological 
fluids. 

The urea contents of some normal and pathological specimens of urine and 
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blood (human), as well as those of milks, determined by the oonductometrio 
method are tabulated below. 


Table V. 

Material 


Urea* mg. 
in 10 ml. 


Human urine (normal) 

75 

„ (albuminous) 

178 

„ (jaundice) 

82 

„ (albuminous) 

113 

Human blood (normal) 

31 

„ (acute nephritis) 

„ (mild nephritis) 

8*5 

5-8 

Milk (cow) 

2-2 

„ (ass) 

4-9 

„ (ass, ultrafiltrate) 

4*9 


* The values for blood and urine approximate to those furnished by the Bowring Hospital, 
Bangalore, from whom the Bamples were obtained. 


Discussion. 

The results given above show that conductometry furnishes an elegant means 
for the accurate estimation of urea in physiological fluids. In Table VI, an 
attempt has been made to compare the method with others in vogue with respect 
to minimum quantities of experimental material, rapidity and accuracy of 
estimation. 

Table VI. Estimation of urea in physiological fluids. A 
comparative study of methods. 

3 



1 

2 

Colorimetric 

(ammonia 

distillation 

4 

5 

Xanthydrol 

(Beattie, 

6 


Aeration - 

Mano- 

or Permutit 

Hypo- 

colori¬ 

Conducto¬ 


titration 

metric 

absorption) 

bromite 

metric) 

metric 

Quantity of blood 

3 

0-2 

0*5 

0-5 

<0-5 

01 

required (ml.) 
Accuracy (%) 

1 

1 

2-3 

Positive error 

2-3 

1 

Time taken (min.) Long time: 

10 

Long time: 

>4 

3 

Long time: 

5-10 


involves 
isolation 
of ammonia 


involves 
isolation 
of ammonia 


involves 
filtration 
of ureide 



It will be seen that the method, while it claims equality with the mano- 
metrie procedure with respect to accuracy, possesses the merit of requiring 
smaller quantities of material. By choosing appropriate cells it should be 
possible to work with even smaller quantities. The molar concentration of 
ammonia in the cell, in our experiments, was as low as 1/1700; the cell con¬ 
tained 6 ml. of liquid and the distance between the electrodes was 1 cm.; by 
merely decreasing the distance between the electrodes, it will be possible to 
employ smaller quantities of fluid without greatly affecting the accuracy. The 
procedure is simple, does not require the use of standard solutions or many 
pieces of apparatus. There is hardly any need for determining the preformed 
ammonia by a duplicate experiment. The use of strong alkali carbonates for 
displacing the ammonia formed as a result of the hydrolysis of urea in physio¬ 
logical fluids involves the risk of the decomposition of associated.jnnide-containing 
proteins with the liberation of ammonia therefrom. By reason of its simplicity 
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and reliability, the conductometric method can be adopted by the trained 
medical praotitioner for the routine examination of bloods and urines. 

Conductometry can be employed not only for the estimation of urea but also 
for the determination of urease activity and in a similar manner for the estima¬ 
tion of arginine and arginase activity. For the study of the kinetics of urease 
and arginase, particularly when they are available only in micro-quantities, the 
method offers exceptional advantages: thus it permits of a number of readings 
in the initial stages of the action, not possible by chemical methods. The possi¬ 
bility of adopting this procedure for the determination of urea and arginine or 
their respective enzymes in tissues is now being examined. 

SUMMARY. 

A micro-method for the estimation of urea based on the measurement of the 
change of conductivity resulting from the hydrolysis of urea by urease has been 
described. The method gives reliable values for quantities as low as 0-5 x 10~ 6 g. 
of urea. 

The method has been applied to the determination of urea in various physio¬ 
logical fluids and the values obtained compared with those obtained by macro¬ 
methods. 

Our thanks are due to Mr M. Sreenivasaya for many helpful suggestions, and 
to the authorities of the Bow ring Hospital, Bangalore, for supplying the patho¬ 
logical specimens of urine and blood. Our thanks are also due to Dr V. Subrah¬ 
manyan for his interest in the work. 
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CCXCVIII. AMMONIA FORMATION IN 
IRRADIATED TISSUES. 

By HERBERT GRACE CRABTREE. 

From the Imperial Cancer Research Fund , London . 

(Received 12 September 1936.) 

Since cells obtain their energy principally by the oxidation and splitting of 
sugars, the effect of radiation on their carbohydrate metabolism has been most 
widely investigated. 

Holmes [1933], using cultures in vitro of embryonic kidneys, has studied the 
nitrogenous metabolism of irradiated cells by estimating the end-products urea 
and ammonia. She found that doses of y-radiation over 14 hours did not produce 
an unequivocal effect on protein breakdown (as measured 48 hours after the 
treatment), but that carbohydrate breakdown was inhibited 40-50% during 
the same period, showing the greater sensitivity of carbohydrate metabolism 
to radiation. 

Lawrie ft Robertson [1935] studied the effect of X-radiation on the growth 
and nitrogenous metabolism of a protozoon, and found definite effects, which, 
however, varied according to the duration of the exposure. It was shown 
earlier [Crabtree, 1935] that the glycolysis of tumour tissue can be almost 
completely checked by /}+y-radiation applied for 4 hours at low temperature, 
respiration remaining intact after similar treatment. It seemed desirable to 
discover if the suppression of glycolysis was accompanied by the liberation 
of ammonia, a reaction demonstrated by Warburg et al. [1924] as occurring 
in tumour and other normally glycolysing tissues when deprived of sugar. 

The rate of this ammonia formation in the absence of sugar was shown to be 
roughly parallel with the rate of glycolysis characteristic of a wide range of tissues. 
That ammonia formation was linked to glycolysis and not respiration was 
confirmed by Salter & Robb [1934], who also showed that cyanide checked 
neither glycolysis nor ammonia sparing, but that iodoacetic acid checked both. 
Watchhom ft Holmes [1927] found that addition of glucose inhibited ammonia 
formation in cultures of tissues growing in vitro. They regarded this as an 
example of the protein sparing action of carbohydrate made evident in vitro . 
Since many workers have described the formation of lactic acid by cultures 
in vitro of tissues which, in the adult condition, exhibit no aerobic glycolysis, 
it is possible that the findings of Watchhorn & Holmes provide a further 
illustration of the relationship between ammonia formation and glycolysis. 

Whereas the workers quoted above found ammonia formation to increase 
when glycolysis was checked by the absence of sugar, this same effect is pro¬ 
duced when glycolysis has been suppressed by radiation and sugar is present. 
Deprivation of substrate or loss of the power to break down this substrate 
lead to the same end-result, an accumulation of ammonia. The origin of this 
ammonia is unknown. Warburg et al . [1924] suggested and Watchhom ft 
Holmes [1927] assumed that it was a product of protein breakdown, and that 
under normal physiological conditions sugar protects protein* Salter ft Robb 
[1934] quote evidence suggesting that purine metabolism may^be involved. 

( 2140 ) 
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The increased ammonia formation accompanying the suppression of 
glycolytic function by irradiation at low temperature was at first thought to be 
only a further confirmation of the original finding of Warburg et al. [1924]. 
But further experiments in which irradiation was carried out under different 
conditions, and in which glycolysis remained unimpaired, showed that the 
increased ammonia formation observed was not necessarily coupled with 
glycolysis, but was a characteristic effect of the radiation itself. Irradiation 
at body temperature, aerobically, anaerobically or in the presence of cyanide, 
primarily damages the respiratory system whilst glycolysis proceeds normally. 
Yet under all these conditions radiation leads to a large increase in the rate of 
ammonia formation, showing that this phenomenon is independent of glycolysis. 
Under such conditions ammonia formation seems to be linked to respiration. 
In fact, if suitable normal tissues with low glycolysing powers are irradiated, 
the rate of ammonia formation increases in all cases, though to a variable 
extent. If it be assumed that increased ammonia formation implies increased 
protein degradation, then the generalization arising from this work (from the 
point of view of induced changes of metabolism) is, that radiation operates 
primarily by damaging carbohydrate metabolism, and this damage, whether to 
oxidative or splitting processes, leads to a secondary reaction in which protein 
is utilized more rapidly than in normal cells, or in isolated tissues preserved 
in artificial media for periods up to 5 or 6 hours. It is of interest to quote one 
of the earliest enquiries on the influence of X-rays on metabolic processes. 
Williams [1900] studied the action of X-radiation upon the excretion of uric 
acid in a clinical case of myelogenous leucaemia. He found that the amount of 
uric acid excreted during the period of irradiation was well above the normal 
limits, and moreover, that the total output of nitrogen exceeded the intake. 

Experimental methods and results. 

The apparatus used for irradiating tissue slices with /? -f y-radiations has 
been previously described [Crabtree, 1935]. It was immersed in water at the 
appropriate temperature and the tissues irrigated with Ringer’s solution con¬ 
taining glucose and bicarbonate (R.G.B.), either aerobically, anaerobically 
or containing MjGQQ HON. The tumour tissue used was Jensen’s rat sarcoma 
(J.R.S.), and rat liver, brain and testes were used as types of normal tissue, all 
possessing low aerobic glycolysis but varying in their power of glycolysing 
anaerobically. After irradiation, the slices were then transferred to small 
vessels containing 6 ml. of either R.O.B. or the same medium with glucose 
omitted, attached to manometers, and reincubated at 37*8° with shaking for 
1 hour under aerobic conditions. The tissues were then dried and weighed, and 
ammonia was estimated in the 6 ml. of medium used. Control tissues were 
preserved, without irradiation, under similar conditions. At first, an initial 
measurement of the rate of ammonia formation was made to assess the effect 
of the experimental conditions on this process. This was discontinued when it 
was found that the difference between the initial rate of ammonia formation and 
that after 4 hours of preservation without irradiation was negligible. 

Ammonia was estimated by the standard method of Folin. The slight 
precipitate produced by the addition of a few drops of 10 % sodium tungstate 
solution to the R.6.B., followed by acidification with HC1 to Congo red, was 
centrifuged out, and, after making alkaline with Na^COg solution, the ammonia 
was displaced by a current of air into 5 ml. of N /20 HC1 and estimated colorimetri- 
cally by Nessler’s reagent. Preliminary tests with known amounts of ammonia 
showed a recovery of 95-97 % by the aeration process. 
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The rate of ammonia formation is expressed in units similar to those used 
for respiration and glycolysis. 

n Ml- NH, 

Vnh, mg. dry tissue x hours' 

Tables 1 and II include a selection of results obtained after irradiation of 
tumour and normal tissues respectively. 


Table I. Increased rate of ammonia formation by J.R.8. tissue irradiated 


Time of 
irradiation 

Temp. 

during 

irradiation 

under different conditions . 

Irrigating medium used Irradiated 

Control 

Increase in 
0nh. due to 
irradiation 

hr. 

°C. 

during irradiation 

C?NH a 

Cnhj 

0/ 

/o 

4 

0-5 

R.G.B. aorobic 

M0 

0*34 

220 

4 

0-5 

ii 

0*87 

0*40 

120 

45 

0-5 

»» 

0*75 

0*32 

130 

3 

0-5 

»> 

0*71 

0*36 

100 

4 

0-5 

ii 

0*97 

0*66 

50 

4 

0-5 

SI 

0*91 

0*49 

85 

4*5 

0-5 

II 

0*86 

0*50 

70 

4 

37-8 

If 

0*94 

0*45 

110 

4 

37-8 

»• 

0*91 

0*60 

50 

4 

37-8 

If 

M0 

0*01 

80 

4 

37-8 

II 

0*86 

0*55 

55 

3-5 

37*8 

if/600 HCN in R.G.B. 

M0 

0*49 

125 

3-5 

37-8 

ii 

1*32 

0*81 

65 

4 

37*8 

ii 

0*62 

0*41 

50 

4 

37*8 

R.G.B. anaerobic 

0-80 

0*41 

100 

4 

37*8 

is 

0*71 

0*45 

60 


Table II. Increased rate of ammonia formation by irradiated normal tissues. 


Time of irradiation=4 hr. 

Temperature during irradiation » 0-5°. 

Irradiated Control 

Increase in 0 NHs due 
to irradiation 

Rat tissue 

#nh 3 

#NH 8 

0, 

o 

Brain 

0*87 

0*54 

60 


0*94 

0*71 

32 


0*41 

0*24 

70 


1*35 

0*60 

105 


0*60 

0*38 

58 

Liver 

0*34 

0*26 

30 


040 

0*28 

43 


0*46 

0*31 

48 


0*23 

0*22 

— 

Testis 

0*37 

0*15 

145 


0*36 

0*16 

125 


0*12 

0*07 

40 


0*26 

0*16 

63 


The first seven results in Table I were obtained with tumour tissue in which 
the glycolytic process was largely suppressed after irradiation at low tempera* 
ture, and, it was thought, illustrated the relationship existing between glycolysis 
and ammonia formation described by Warburg et al. [1924]. The rate of 
ammonia formation was of the same order whether the final incubation was 
carried out in the presence or absence of glucose, owing to the inactivation of the 
glycolytic system. 

The succeeding experiments, in which radiation was applied at 37*8° under 
different environmental conditions, and in which glycolysis remained active, 
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showed that the earlier conception was wrong. Under these conditions, 
excessive ammonia formation was not coupled with glycolytic failure, but, to 
judge from earlier work [Crabtree, 1932], with incipient or actual respiratory 
failure. Ammonia was formed at a similarly increased rate in media with or 
without glucose, i.e. with glycolysis proceeding actively or not at all. These 
experiments make it clear that an increased rate of ammonia formation is 
a characteristic reaction induced by radiation itself and independent of the 
glycolytic system. The experiments with normal tissues shown in Table II 
confirm this. It is noteworthy that the rate of ammonia production in these 
normal tissues varies considerably and may be determined by variations in 
their functional activity or the age of the animals used. The increased rate of 
ammonia production induced by radiation is, however, a common and 
significant factor. Taken in conjunction with the earlier findings that carbo¬ 
hydrate metabolism is primarily damaged by radiation, and assuming that this 
excess ammonia formation represents increased protein breakdown, it would 
be anticipated that a fall of respiratory quotient would occur as the damaging 
effects of radiation progressed. It may be recalled that Bancroft et al. [1935] 
recorded that X-radiation treatment in vivo led to a fall of respiratory quotient 
in the Philadelphia rat sarcoma No. 1. 


Summary and conclusions. 

1. Irradiation of tissues in vitro induces an increased rate of ammonia 
formation. 

2. In the case of tumour tissues this effect is independent of the state of 
activity of the glycolytic system. Whether the latter is suppressed by irradiation 
at low temperature or in full activity after irradiation at body temperature, 
ammonia production increases to a similar extent. 

3. Normal non-glycolysing tissues—liver, testes, brain—also produce 
ammonia more rapidly after irradiation. 

4. It is suggested that this increased ammonia production is due to the 
secondary utilization of protein as carbohydrate metabolism, either oxidative 
or splitting, is impaired. 
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CCXCIX. THE MOLECULAR STRUCTURE OF 
GLYCOGEN FROM THE WHOLE TISSUES 
OF MYTILUS EDULIS. 

By DAVID JAMES BELL. 

From the Biochemical Laboratory, Cambridge. 

(Received 28 October 1936.) 

The investigation, by Haworth’s “end-group assay” method, of glycogen 
obtained by the alkaline disintegration of the whole tissues of Mytilus edulis is 
described below. Employing the author’s technique [Bell, 1935; 1936] the 
chemical basic molecule of this glycogen is shown to be derived from 18 glucose 
units. The compositions of glycogens already investigated in this way are listed 
in Table I. 


Source of glycogen 

Table I. 

No. of glucose 
units 

Reference 

Rabbit liver 

12 

Haworth & Pereival [1932] 

Rabbit liver 

12 

Bell [1935] 

Rabbit liver (commercial) 

18 

Haworth [1935] 

Rabbit liver, after galactose feeding 

18 

Bell [1938) 

Fish liver 

12 

Bell [1935] 


The Mytilus glycogen, examined according to Bell & Young [1934] and 
Bell & Kosterlitz [1935], showed no significant differences from the other 
glycogens described by these authors. Similarly the methylated and acetylated 
derivatives differed in no apparent manner from the corresponding substances 
prepared from glycogens from other sources (see Table I). 

Hydrolysis of the methylated glycogen, followed by separation and identifi¬ 
cation of the cleavage products, yielded tetramethylglucose amounting to 6 % 
of the starting material, corresponding to a mean “chain-length” of 18 glucose 
units for the glycogen molecule. This chain length is further confirmed by the 
relative amounts of the different oleavage products, isolated in over 90% 

yield, viz.. j mo I. . 2:3:4:6-tetramethylglucose. 

15 mols. 2:3:6-trimethylglucose. 

2 mols. dimethylglucoses. 

It is noteworthy that here, and in the investigations cited above, glyoogen 
appears to occur solely in one or other of the two known forms, 12-unit or 18-unit, 
and that we have as yet no evidence for the occurrence of mixtures of these. 

Expebimental. 

The crude glycogen was prepared by the Pfliiger method by Dr F. 6. Young, 
to whom the author is indebted for the material used in this investigation. 
Purified by the procedure of Bell tc Young [1934], the glycogen showed a rate 
of hydrolysis with aqueous acid identical with that of previously examined 
specimens. With iodine, the colour was identical with that developed by fish 
liver glycogen. 


( 2144 ) 
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Mytilua glycogen had the following other properties: [a] 'f° in water, +195-4° 
(1=2, c— 0*5); reducing power (Macleod-Robison, glucose=100) ,1*3; phosphate, 
inorganic—nil, organic—nil. 

Acetylation. By the method of Haworth & Percival [1932] 30 g. of glycogen 
gave 48g. acetate (90% of theory); [ot]f in CHC1 S , +172". (Found, COCH s : 
44-5%.) 

Methylation. 37 g. of the acetate simultaneously deacetylated and methylated 
by the procedure of the above authors, yielded, after 12 treatments, 24-0 g. 
(90%) of methylated glycogen. (Found, OMe: 45-1%.) [a]]f in CHC1 8 , 
+211° (1*2, c=4-5). 


Hydrolysis by aqueous acid and sejmration of cleavage products. 

The procedure was exactly as described by the author [Bell, 1935; 1936] 
(Table II). 

Table II. 


OMe % of methylated glycogen 45*1 

Amount hydrolysed (g.) 22*95 

2:3:4:fi-Tet ramethyIglarose found (g.) 1*359 

2:3:4:9-Tetramethylglucose as % of starting material (i 

2:3:4:6-Tetramothviglurose m.f. drained on tile 87° 

2:3:4:G-Tetrame t hy lgl ueose [ajj> in water (c~5) +82*0° 

2:3:4:U-Tctrametliylglucose n 1*4585 

2:3:4:8-TetramcthylgluooHe OMe % 52*4 

2:3:6-TriniothylglucoHp found (g.) 18*79 

2:3:f)-Trimethylglucose m.f. drained on tile 115° 

2:3:6-Triraethylgluco«e [aJ/> in water (c-4*5) 4-70*3° 

Dimethylglueose found (g.) 2*19 


The trimethylglucose fraction consisted entirely of the 2:3:6-derivative, and 
no evidence of monomethyl- or unmethylated glucose was found in the hydro* 
lysate of the methylated glycogen. 

The methyl content and the ratios of the different fractions to one another 
correspond well with the methylated glycogen being an octadecasaccharide in 
which 54 of the 56 free OH groups are methylated [cf. Bell, 1936]. 


Table 111. 

Ratios 

Trimethylgluc ose 
Tctramethylglucose 

Trim ethylgl ucose 
Dimethylglueose 

The author is indebted to Sir F. G. Hopkins for his encouragement, to 
Mrs Lutwak-Mann for carrying out phosphate determinations and to the 
Medical Research Council for a grant which partly defrayed the expenses of this 
work. 
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CCC. THE ANALYSIS OF CARBOHYDRATES 
OF THE CELL WALL OF PLANTS. 

II. THE DETERMINATION OF PENTOSES AS SINGLE 
SUBSTANCES AND IN MIXTURES CONTAINING 
URONIC ACIDS AND HEXOSES. 

By STANLEY ANGELL, FREDERICK WALTER NORRIS and 
CARL EMIL RESCH. 

From the. Department of Industrial Fermentation, University of Birmingham. 

(Received 30 October 1936.) 

In the first communication of this series [Norris & Resch, 1935] tho importance 
of the accurate determination of the furfuraldehyde obtained from plant materials 
was demonstrated, and the relationship between uronic acids and the furfur¬ 
aldehyde yielded by them was placed on a more satisfactory basis. 

Whilst the above work was in progress and for some time following its 
publication, a critical survey of the methods available for the determination of 
furfuraldehyde was undertaken, and we now believe that the proximate analysis 
of plant materials is susceptible of greater accuracy than was formerly the case. 

In this communication it is proposed to describe only investigations on the 
weU-known method of Krober [1901], which employs phloroglucinol as pre¬ 
cipitating agent. 

The inaccuracies which have become associated with the determination arise 
from a number of errors and inconsistencies in applying the original method. The 
duration and temperature of distillation and the apparatus used for it must be 
standardized, as also the conditions of precipitation and after-treatment of the 
precipitate. Strict adherence to a fixed set of conditions is essential. 

In many cases the original method of Krober has not been exactly followed, 
but the subsequent calculation has been made on the basis of Krober’s tables or 
formulae. This is particularly to be noted where the precipitated phloroglucide 
has been washed with alcohol; it is quite indefensible to use Krober’s tables in 
such cases, since treatment with alcohol was not included in his method. 

Again, even supposing that the use of Krober’s results is permissible, there iB 
inherent inaccuracy in the employment of formulae based on them. The formula, 
F= (P+0-0062) x 0-5185 (where F =furfuraldehyde and P= phloroglucide), is 
often used and is generally regarded as accurate within the limits P=(M)3 to 
0*3 g. Analysis of Krober’s tables will show that this is not, in fact, the case: 
the relationship between furfuraldehyde and phloroglucide over the range 
indicated can be expressed graphically only by a slightly curved line, and the 
straight line relationship indicated in the formula is only an approximation and 
is only valid over a very small range. 

We have therefore based our investigation on the premise that if the dis¬ 
tillation and precipitation procedures are really standardized, then a given 
weight of pentose will correspond to a definite weight of phloroglucide, within the 
limits of experimental error, and that the relationship between product and 
phloroglucide may, over a small range of weights only, be represented by a 
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straight line. The equation best expressing the relationship has been calculated 
by the method of least squares and the standard error of experiment determined 
mathematically. 

In this manner equations have been derived to indicate the relationship 
between phloroglucide and (i) furfuraldehyde; (ii) arabinose; (iii) xylose; 
(iv) galacturonic add; (v) pectolic acid; (vi) glycuronic acid (as euxanthic acid). 

The greatest source of error in modem usage of the Krober method, and one 
which has apparently been largely overlooked, lies in the fact that in actual 
practice the investigator rarely, if ever, deals with single substances, but is 
concerned almost invariably with mixtures of greater or less complexity. The 
tacit assumption that the weight of phloroglucide produced by a number of 
substances in admixture exactly - corresponds to the sum of the weights of 
phloroglucide produced by each separately is shown in this communication to be 
unjustified, nor does Krober give any indication that his tables may be used for 
any but pure single substances. 

To establish relationships for the larg(? number of possible mixtures of two 
or more of the commonly occurring pentoses, uronic acids and hexoses, con¬ 
stitutes a laborious routine and requires a statistical investigation whose results 
would doubtfully justify the time expended. We have therefore confined our¬ 
selves to the examination of those mixtures commonly met with in cell wall 
chemistry and have outlined methods which may be employed for the more 
accurate analysis of such substances as pectin, the hemicelluloses etc. 

Experimental. 

Distillation. In the first instance the apparatus described in the previous 
communication [Norris & Resch, 1935] was used, but all the joints involving 
rubber bungs were replaced by interchangeable ground glass connexions. This 
involved a change in the shape and diameter of the side tube leading to the 
condenser, and it was found necessary to '‘lag” this by means of asbestos paper. 
AIbo, in order to maintain the normal rate of distillation it was necessary to 
increase the temperature of the glycerol-bath to 175-180°. Comparative results 
using the old and the new forms of apparatus did not invariably show the 
superiority of the latter, but from every practical point of view the ground glass 
joints are preferable, and any remaining doubts as to the possible effect of de¬ 
composition of the rubber bungs in the older form are removed. 

In order to maintain a more even distillation temperature and to avoid 
possible violent fluctuations in the concentration of the acid it was decided to 
revert to the original method of Krober, in that the acid is now added in portions 
of 30 ml. every 10 min. instead of 60 ml. every 20 min. as hitherto. 

Experiments with pure furfuraldehyde by direct precipitation and by pre¬ 
cipitation after the usual distillation showed that there is a slight loss of fur¬ 
furaldehyde—about 1 %—during distillation. In order to remove furfuraldehyde 
from the influence of the acid as quickly as possible and to obviate possible 
oxidation, nitrogen was bubbled through the apparatus in several series of 
experiments. It was thought possible that the current of nitrogen might increase 
evaporation of furfuraldehyde at the delivery tube and to obviate this the tube 
was run directly into the solution of phloroglucinol in some experiments. The 
use of nitrogen brought no increase in yield, however, and was discontinued. 
There seems little doubt that, since in the case of furfuraldehyde itself the dis¬ 
tillation loss is within the normal limits of experimental error, the low yields 
observed in the case of the pentoses are due to more deep-seated degradation of the 
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sugar molecule itself, depending upon differences in configuration [of. Bott & 
Hirst, 1932]. 

Precipitation . The results of further experiments with phloroglucinol as pre¬ 
cipitant have involved very little modification in the procedure previously 
described. It was established that, although the precipitate is collected in a thin 
layer in the sintered glass crucibles, 100 ml. of water for washing are insufficient, 
and we have now adopted 150 ml. as standard. 

The practice of washing the precipitate with hot alcohol has been entirely 
abandoned. Statistical examination of the results after such washing has shown 
that the supposed beneficial effects on concordancy are illusory. 

The hygroscopic nature of the precipitate has often been observed and means 
of obviating difficulties in weighing suggested. The practice of placing the 
crucibles in tared weighing bottles appeared on test to be of doubtful value, since 
large weighing bottles are necessary and the effect of moisture on the glass 
surface under varying conditions of humidity is appreciable. It is possible to 
form a close estimate of the weight of the crucible and contents and to place 
most of the weights on the balance pan before removing the crucible from the 
desiccator. Using the open crucible in this way it was found possible to complete 
the weighing within 60 sec., and no disturbing effects due to absorption of 
moisture have been observed. 

Standard method. The final method adopted was essentially similar to that 
previously described, but with the following changes: (i) interchangeable ground 
glass connexions replace rubber bungs ; (ii) the temperature of distillation is 
now 175-180° instead of 170°; (iii) additions of 12 % hydrochloric acid at the rate 
of 30 ml. every 10 min.; (iv) the precipitate is washed with 150 ml. of cold dis¬ 
tilled water instead of 100 ml. 

Relation between phloroglucide and furfuraldehyde-yielding substances. 

1. Furfuratdehyde. For the purpose of these experiments specially purified 
furfuraldehyde was obtained from the manufacturers and then submitted to five 
distillations. The final product gave the correct boiling-point and refractive 
index and was directly distilled into the weighing bottle to avoid any possible 
oxidation. A known weight was made up to volume in 12 % hydrochloric acid 
and aliquot portions were precipitated direct as usual with phloroglucinol. By 
omitting the distillation procedure in this case we were able to ascertain the 
absolute relationship between furfuraldehyde and phloroglucide obtained by 
the usual precipitation method. 


Table I. Relation between furfuraldehyde and phloroglucide. 


Wt. of 

Wt. of 

Wt. of 

Wt. of 

furfuraldehyde 

phloroglucide 

furfuraldehyde 

phloroglucide 

g* 

g* 

g* 

g* 

0*0283 

0*0525 

0*0532 

0*1015 

0 0322 

0*0606 

0*0538 

0*1029 

0*0366 

0*0686 

0*0556 

0*1064 

0*0400 

0*0755 

0*0595 

0*1145 

00405 

0*0766 

0*0634 

0*1229 

0*0506 

0*0981 




2. Arabinose. Purified specimens of arabinose were used in this series, 
aliquot portions of a standard solution being distilled and precipitated according 
to the standard procedure. The arabinose was calculated to anhydroarabinose, 
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since this is the more convenient form in practical applications. These remarks 
apply also to the other sugars dealt with. 


Table II. Relation between anhydroarabinose and phloroglucide . 


Wt. of Wt. of 

anhydroara binose ph loroglucide 

g- g- 


Wt. of Wt. of 

anhydroarabinose phloroglucide 
g- g- 


0 0624 0*0624 

0-0719 0 0725 

0-0757 0*0758 

0-0930 0*0952 


0-0946 0-0963 

0*1135 0-1179 

0*1270 0*1316 


3. Xylose. This was treated in a precisely analogous manner to arabinose. 


Table III. Relation between anhydroxylose and phloroglucide . 


Wt. of 

anhydroxylose 


g- 


0-0566 

0-0697 

0-0704 


Wt. of 

phloroglucide 

g- 

0*0649 

0*0812 

0*0821 


Wt. of 

anhydroxylose 


g- 

0-0811 

0-0937 

0-0995 


Wt. of 

phloroglucide 

g- 

0-0953 

0-1100 

0-1183 


4. Oalacturonic acid and 5. pectolic acid . The yields of phloroglucide from these 
sources are given in the previous communication [Norris & Resch, 1935, p. 1593] 
and need not be repeated here. The results have been submitted to statistical 
analysis together with those obtained for the other products in the present com¬ 
munication (vide infra). 

6. Qlycuronic acid (as euxanthic acid). In this case the results quoted in the 
earlier communication cover too narrow a range for present purposes. A second 
series of experiments gave the results shown in Table IV, wherein the euxanthic 
acid is calculated to carbon dioxide. Uronic anhydride is readily obtained by 
multiplying by 4. 


Table IV. Relation between carbon dioxide from glycuronic 
anhydride and phloroglucide. 


CO, equivalent 
of urone 
g- 

0-0209 

0-0261 

0*0313 

0-0365 


Wt. of 
phloroglucide 
g- 

0*0275 

0-0353 

0*0432 

0*0517 


CO, equivalent 
of urone 
g* 

0*0417 
0-0438 
0 0459 
0-0469 


Wt. of 
phloroglucide 
g- 

0*0594 

0*0636 

0-0640 

0-0666 


Interpretation of results. 

The foregoing results were subjected to mathematical analysis in two ways: 
(a) by the method of least squares the linear equation which best represented the 
relationships between product and phloroglucide was calculated; and (6) the 
standard error of the determinations was computed. In each case, then, it was 
possible to establish a linear relationship indicated by the following general 
equation: 

$ —ss a *4* bP ± e, 

where 8 =substance under examination; 

P « phloroglucide; 

e** standard error of the determination; 
a and 6*= constants. 
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The following equations were thus derived: 

(1) Furfuraldehyde: F^O-5030 P+0-0018± 0*0003. 

(2) Anhydroarabinose: A = 0-9253 P -f 0-0050 ± 0-0007. 

(3) Anhydroxylose: X =0-7673 P 4* 0-0069 ± 0-0009. 

(4) Galacturonic anhydride, as carbon dioxide: 

C Ga = 0-5778 P +0-0013 ± 0-0009. 

(5) Pectolic anhydride, as carbon dioxide: 

£* = 0-5744 P+ 0-00076 ± 0-0008. 

(6) Glycuronic anhydride, as carbon dioxide: 

C Gv = 0-6613 P + 0-0026 ± 0-0006. 

It will be observed that the smallest experimental error occurs in the first 
equation, a result to be anticipated, since the furfuraldehyde was determined 
directly, whereas all the other experiments involved distillation. It was shown by 
statistical methods that there is no significant difference in the yield of phloro- 
glucide from galacturonic acid itself as compared with that from pectolic acid, 
a confirmation of the result obtained by inspection in the previous paper. It 
should be emphasized that the equations given are only valid for the range of 
weights indicated in the tables, which have been chosen to include the weights 
commonly dealt with by us in applications to cell wall substances. Furthermore, 
it has been repeatedly noticed by us that different workers in these laboratories 
invariably obtain slightly different equations based on their own tables of 
results, and the standard errors also show slight differences similarly. It is 
possible that the differences observed are not of great significance (in the mathe¬ 
matical sense of the term), but it seemed desirable to make this point as an 
indication that for completely satisfactory results each worker should prepare 
his own experimental data. 


Application to the analysis of mixtures. 

The statistical method was now applied to the case of mixtures of substances 
commonly met with in dealing with pectin and the hemicelluloses. In.the former 
case mixtures containing arabinose, galacturonic acid and galactose occur, and 
the first set of experiments below was designed to enable us more accurately to 
analyse such mixtures. 

Arabinose and galacturonic acid (as pectolic acid). Pectolic acid was used in 
these experiments since it is more readily prepared than galacturonic acid, and 
moreover approximates much more closely to the form in which galacturonic 

Table V. 


Anhydro¬ 

CO, equivalent 

arabinose 

to pectolic acid 

g* 

g* 

0*0238 

0*04943 

0*0476 

0 04943 

0*0714 

0*04943 

0*0220 

0*05830 

0*0476 

0*05698 

0*0714 

0*05698 

0*0238 

0*06575 

0*0476 

0*06575 

0*0714 

0*06575 


I'Moroglucide 


Found 

Cale. 

g* 

g* 

0*1064 

0*1050 

0*1282 

0*1307 

0*1554 

0*1565 

0*1253 

0*1186 

0*1393 

0*1439 

0*1663 

0*1354 

0*1614 

0*1697 

0*1334 

0*591 

0*1863 

0*1849 
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acid occurs under normal conditions. Mixtures were prepared according to the 
requirements of a “Latin square” and were then submitted to the standard 
distillation and precipitation procedures. From the results obtained an equation 
correlating anhydroarabinose, the carbon dioxide equivalent of pectolic acid and 
the phloroglucide produced was calculated. 

The equation deduced from the results (first three columns) was: 

(7) A = 0-9942 P —1*9081 C\ +0*01313± 0*00305. 

It will be noted that the experimental error in the case of these mixtures is 
considerably greater than those for the substances treated separately (equations 
(2) and (5)). The figures in the final column were calculated from the individual 
equations quoted above, and these show quite clearly that the phloroglucide 
obtained from the mixtures is not the sum of the quantities obtained from the 
single substances. The differences observed are greater than the experimental 
error and therefore of definite significance. 

In analysing such mixtures, then, it is possible to derive the weights of the 
two constituents present with greater accuracy than heretofore, since by the 
usual method of decarboxylation [Dickson et al. 1930] the amount of uronic 
anhydride may be obtained and, following a phloroglucide determination, the 
value of C v may be substituted in the equation, whence the value of A may be 
calculated. The equation, however, is not necessarily valid outside the range of 
weights from which it was derived. 

Pectolic acid and galactose. Apart from the alleged production of small 
amounts of m-hydroxymcthylfurfuraldehyde, galactose should make no con¬ 
tribution to the total phloroglucide produced from mixtures in which it occurs. 
At the same time it is possible that it may have some influence on the yield of 
phloroglucide normally obtained from the usual furfuraldehyde-yielding sub¬ 
stances. This and the following set of experiments were accordingly designed to 
determine whether or not galactose had a significant effect. 



Table VI. 



CO„ equivalent of 


Galactose 

pectolic acid 

Phloroglucide 

g- 

g- 

g- 

00221 

0*06575 

0-1121 

0 0442 

0-06575 

01123 

00663 

0-06575 

0-1114 

00736 

0-06555 

0-1155 

00819 

0-07135 

0-1251 

0-1604 

0-06983 

0-1196 

0-1839 

0-07963 

0-1351 

0-2045 

0-05935 

0-1051 

0-2157 

0-06253 

0*1106 

0-2298 

006643 

0-1168 


These results are discussed below. 

Arabinose , pectolic acid and galactose . It remains to examine the effect 
of galactose when present in mixtures containing arabinose in addition to 
pectolic acid. To this end mixtures were prepared and analysed as shown in 
Table VII. 

Analysis of these results, and those of Table VI, leads to the same conclusion, 
namely, that galactose exerts an effect on the yields of phloroglucide normally 
to be expected from the other constituent or constituents of the mixture, but that 
such effect is not significant until the proportion of galactose reaches more than 
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Table VII. 


Anhydro- 

arabinose 

CO, equivalent 
of pectolic acid 

Galactose 

Phloroglucide 

g* 

g- 

g- 

g- 

00220 

0-05830 

0-0205 

0-1253 

00220 

0-06748 

0-0205 

0-1413 

00238 

0-06575 

0-0221 

0-1379 

00476 

0-06575 

0-0221 

0-1647 

0*0238 

0-06575 

0-0442 

0-1353 


50% of the total constituents. In general it may be said that where galactose is 
present in small proportions there is a slight relative increase in phloroglucide 
yield, but where the proportion is greater there is a slight relative decrease. 
Since it is not usual to work with mixtures containing more than 50 % of galactose, 
at least in pectin chemistry, its effect may usually be neglected. 

Thus, in dealing with ternary mixtures of the above type, uronic acid may be 
determined by quantitative decarboxylation, arabinose may be calculated as 
already described (equation (7)) from the phloroglucide determination and 
galactose obtained by difference. 

Xylose, and glycuronic acid (as euxanthic acid). Mixtures in the xylose, gly- 
curonic acid, glucose series were examined in a similar manner to that already 
described. The relation between xylose, glycuronic acid and phloroglucide was 
first determined in accordance with the results in Table VIII. 


Table VIII. 


Anhydroxylose 

CO, equivalent of 
glycuronic acid 

Phloroglucide 

g- 

g- 

g- 

0-0660 

0-0021 

0-0797 

0-0660 

0-0042 

0-0838 

0-0660 

0-0078 

0-0869 

0-0660 

0-0115 

0-0926 

0 0660 

0-0156 

0-0996 

0-0704 

0-0083 

0-0943 

0-0792 

0-0021 

0-0951 

0-0792 

0 0042 

0-0990 

0-0792 

0-0078 

0-1043 

0-0968 

0-0021 

0-1189 

0-0968 

0 0042 

0-1217 

0-0968 

0-0078 

0-1271 


The equation derived from these results was: 

(8) X5*0*7859 P—1-140 (7^4*0*0060 ± 0-0006. 

In this instance, also, the yield of phloroglucide obtained from the substances 
in admixture was found not to coincide with the sum of the yields of the con¬ 
stituents taken separately. The yield of “mixed ” phloroglucide is always higher 
than might be anticipated. The equation may be used for calculating xylose- 
glycuronic acid mixtures since C ay may be determined independently. 

Xylose and glucose. The effect of addition of varying proportions of glucose 
to xylose on the phloroglucide yield was next examined as in Table IX. 

The figures of the final column were derived from equation (3) and it was 
shown by statistical treatment that the differences between found and calcu¬ 
lated values were not significant, i.e. the effect of glucose on the furfuraldehyde 
yield of xylose may be neglected for the range of weights takeh. 
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Table IX. ™. . 

Phloroglucide 

___ 


Anhydroglucose 

Anhydroxylose 

Found 

Calc. 

g* 

g* 

g* 

g* 

00270 

0*0748 

0 0860 

0*0885 

00540 

0*0748 

0*0860 

0*0885 

0*0765 

0*0748 

0*0876 

0*0885 

0*1530 

0*0748 

0*0877 

0*0885 

0*3060 

0*0748 

0*0886 

0*0885 

0*0720 

0*0704 

0*0842 

0*0828 

0*0360 

0*1056 

0*1253 

0*1286 

0*0720 

01056 

0*1266 

0*1286 

01080 

0*1056 

0*1252 

0*1286 


It may be mentioned in this case that the precipitates obtained were sub¬ 
mitted to alcohol washing in order to eliminate w -hydroxymethylfurfuraldehyde 
phloroglucide if any were present. However, the results obtained confirmed our 
dissatisfaction with the procedure, since they showed a considerable and variable 
depression in the yield, with consequently a much larger standard error of 
experiment. 

Xylose, glycuronic acid and glucose. The yield of phloroglucide from the 
mixtures of all the substances is shown in Table X, together with the weights of 
xylose calculated from equation (8). 


Anhydroxylose 

Table X. 

COg equivalent 

Anhydro¬ 

Phloro¬ 

Taken 

Cale. 

of uronc* 

glucose 

glucide 

g* 

g* 

g* 

g* 

g* 

0*0704 

0*0709 

0*0083 

0*0360 

0*0947 

0*0704 

0-0722 

0*0083 

0*0720 

0*0963 

0*0704 

0*0722 

0*0083 

0*1080 

0*0963 

0*0704 

0*0728 

0*0042 

0*0720 

0*0910 

0*0704 

0*0717 

0*0125 

0*0720 

0*1019 

0*0704 

0*0732 

0*0167 

0*0720 

0*1098 


The differences between the weights of xylose taken and those calculated are 
in each case positive, and they are significant as shown by statistical analysis. 
The presence of glucose in the ternary mixture thus involves results which are 
not in accord with equation (8) obtained for xylose-euxanthic acid mixtures, 
and the case is by no means so clear-cut as the previous one involving arabinose, 
pectolic acid and galactose. 

It would be possible to arrange a series of experiments so as to enable an 
equation relating phloroglucide with the three constituents to be calculated: 
X=a+bP+cC Gv +dG; this would not be of much value, since although P and 
C 0y could be determined we should still have an equation involving the two 
unknowns X and G. Since there is no satisfactory way of determining glucose in 
such a mixture, the values of X and G would remain indeterminate. 

It may be possible, when experiments now proceeding with other furfuralde- 
hyde precipitants are complete, to derive a second equation relating, for example, 
the thiobarbituric acid precipitate with the three constituents; in whioh case we 
might, by calculating two simultaneous equations in X and G> obtain values for 
these constituents. It is hoped to make an additional communication on this 
point. 

For the present, however, in analysing such mixtures [Angell & Norris, 1936], 
the most satisfactory procedure appears to lie in calculating xylose and glycu¬ 
ronic acid from equation (8), obtaining gluoose by difference. The approximate 

139-2 



2154 S. ANGELL, F. W. NORRIS AND C. R RESCH 

composition being known in this manner, a correction is then applied to the 
weight of phloroglucide by comparison with results in Table X for a mixture of 
approximately similar constitution. Recalculation then follows as above. Whilst 
this gives a final result which is still only an approximation, there is little doubt 
that it represents a considerable improvement on results hitherto obtained. 

In conclusion, it may be stated that the methods described in this com¬ 
munication have been applied to hemicelluloses [Angell & Norris, 1936] and 
pectin [Norris & Resch, in preparation], and that by their means much more 
satisfactory results have been obtained. Except in the former case mentioned, 
no assumptions are made, the results by standard methods being mathematically 
treated as general cases and later applied to particular ones met with in practice. 
In our view, individual standardization is essential in furfuraldehyde deter¬ 
mination, and the method and apparatus require as close control as, for example, 
the well-known Reichert-Wollny determination. 1 

Summary. 

1. Criticisms of the usual procedure in furfuraldehyde determination are 
made and remedies suggested. 

2. A standardized procedure based on experiment is described. 

3. The relation between phloroglucide and furfuraldehyde-yielding sub¬ 
stances, singly and in admixture, is determined. 

4. The effect of the presence of galactose and glucose in such mixtures is also 
determined. 

5. The results are treated mathematically, equations indicating the relation¬ 
ships and standard errors of experiment being deduced. 

Thanks are due to the Department of Industrial and Scientific Research for 
a grant in aid to one of us (S. A.). 

1 It h&B not been possible in this contribution to include details of mathematical analysis, but 
these can be provided on request. 
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The method of fractionation of the hemicelluloses of cell wall substances pro¬ 
posed by Norris & Preeoe [1930] would appear to have been adopted with few 
major modifications by other workers in this field. Briefly, the sodium hydroxide 
extract of the cell wall material is precipitated in three stages: bv addition of 
acetic acid ; half a volume of acetone ; and one volume of acetone. Each of these 
fractions may again be subdivided by treatment with Fohling’s solution, those 
fractions recovered from the insoluble gel being designated A 2 , B,, C x , whilst 
those obtained from the copper solution are referred to as A^, B 2 , C 2 . 

In order to avoid confusion in questions of classification raised, for example, 
by Buston [1935], it seems desirable to emphasize the fact that the systematic 
designations indicate not definite classes of hemicellulose but particular methods 
of preparation. It has never been suggested that any one fraction represents 
a particular hemicellulose of definite chemical entity or that hemicelluloses of the 
same designation but prepared from different plant sources are necessarily 
chemically identical. The fractionation is very largely physical and it is more 
than probable that the several fractions usually obtained still comprise more 
or less complex mixtures. 

Evidence obtained during the course of experiments on the hemicelluloses of 
the flowers of the hop, described in a subsequent paper of this series, would 
appear to indicate that in the past the precipitation at some stages has been 
incomplete, and especially is this the case where the first fraction, precipitable 
by acetic acid, is concerned. Thus, in precipitating fraction A from the NaOH 
extract, the original directions proposed addition of glacial acetic acid until the 
mixture was acid, but the actual amount necessary was not specified. It has 
been found that the pH of precipitation has a considerable effect on the amount 
of hemicellulose precipitated, and it will be appreciated that a considerable 
volume of acetic acid is necessary in order to lower the pH of the mixture to any 
extent, since a buffered sodium acetate-acetic acid mixture is produced. It 
seems very probable that in the preparation of maize cob hemicelluloses [Preece, 
1930] a considerable proportion of fraction A escaped precipitation at the acid 
stage and appeared later as fractions B and C. 

Maize cobs were chosen for the present investigation since they were most 
readily available, but there is reason to believe that the pH of the solution at 
precipitation is of general importance. Thus the precipitability of hemicelluloses 
from hops was found to depend on the pH of the medium and, moreover, the 
optimum pH in this case differed from that in the case of the maize cob products. 
It is, in fact, conceivable that the pH of minimum solubility of the hemicelluloses 
is as definite a physical characteristic as the isoelectric point of proteins. 

The precipitation of the fractions by copper solutions was also examined in 
the case of maize cob hemicelluloses. The solutions used were Fehling's solution, 
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Sohweitzer’s solution and a mixture of glycerol and cupric sulphate. For the 
decomposition of the gels both dilute hydrochloric and acetic acids were used. 
It was found that the mixture of glycerol and cupric sulphate was the most 
effective precipitant, whilst for the decomposition of the gel, acetic was to be 
preferred to hydrochloric acid. 

Experimental. 

Precipitation of hemicellulose Aj: effect of p H on yield. 

In a preliminary experiment the hemicellulose Aj prepared by Preece [1930] 
was used in 1 % solution in 4 % NaOH. 5 ml. portions of this solution in a series 
of test-tubes were made up to 20 ml. with distilled water and acetic acid in 
amounts sufficient to bring the solutions to a range of pH values varying from 
7 to 3 at intervals of 0*5 (determined colorimetrically). Turbidity was observed 
in each tube almost immediately, but on standing overnight the precipitate 
settled out completely in only one tube, namely that whose contents were 
adjusted to pH 4. On further standing, precipitates in the other tubes settled out 
gradually, but the most complete precipitation was still obtained at pH 4. 

The results of the preliminary qualitative study were confirmed by quan¬ 
titative experiments on a larger scale. In this case, the maize cobs were treated 
in the usual manner for the preparation of a hemicellulose extract in 4 % NaOH. 
500 ml. portions of the extract were used and made up with acetic acid and 
distilled water to 800 ml. so as to give a series as before, each mixture at a 
different pH. The pH was determined electrometrically, using the quinhydrone 
electrode. The mixtures were allowed to stand for 7 days, after which the pre¬ 
cipitates were filtered off, washed free from acid by 50 % alcohol, dried as usual 
and weighed. Each sample contained about 1 % lignin and ash varying between 
1-4 and 2-9%. The yields obtained, on a lignin- and ash-free basis, were as 
follows: 


pH at 

precipitation 

Yield (g.) 

6-0 

11*6 . 

5-4 

11*7 

4-7 

12-4 

41 

14-2 

3-7 

14-6 


The increased amount precipitated at pH 3-7 as compared with that at 4*1 
is counterbalanced by a considerably increased difficulty in filtration. On the 
large scale it was found to be exceedingly difficult to separate the precipitate 
obtained at pH 3*7 even at the centrifuge, whereas that obtained at 4*1 pre¬ 
sented no such difficulty. It was therefore concluded that the optimum pH for 
the precipitation of the hemicellulose was 4 0-41. 

Composition of the precipitates . 

It was found that there was no significant difference in the yields of furfur- 
aldehyde from the precipitates obtained at different pH values, and hence the 
increased yields observed represent definite improvements in yield of the same 
substance or mixture of substances. A typical sample dried to constant weight 
at 98° contained 1-72% ash and 1*26% lignin. Uronic anhydride and furfur- 
aldehyde were determined, and the percentage of xylan, X, was calculated from 
the formula X=0*0060+0*7859P—1-140(7, where P=phloroglucide and 
(7=carbon dioxide from uronic anhydride. [Norris & Reach, 1995; Angell et al. f 
1936.] 
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In this way the composition was found to be: 


Xylan 

JO 

94-8 

Glycuronic anhydride 

5*1 

Methoxyl 

0*5 


Now the yield of this fraction A 1 obtained by precipitation at pH 4 corre¬ 
sponded to 14*5 % of the dry maize cobs. For comparison we may quote the 


results obtained by Preece [1930] 






Methyl- 

Furfural - 

Uronie 


Yield 

pentosan 

O' 

o 

dehyde 

anhydride 

Fraction 

Of 

a 

0/ 

o 

Vv 

o 

A, 

8*0 

Nil 

61*49 

3*76 

B. 

60 

701 

57*31 

5*20 

c, 

10 

7*42 

54*57 

7*40 

c. 

0*5 

8-91 

43*90 

4*56 


It will be seen that our yield of fraction Aj accounts for Preeee's fractions A 3 , 
Bj and possibly C 3 . Each of these latter fractions was closely similar in com¬ 
position, consisting chiefly of xylan and glycuronic anhydride. We have been 
unable to confirm the presence of methylpentosan suggested by Preece. This 
suggestion was based largely on the fact that about 7 % of the phloroglueide was 
soluble in hot alcohol, giving a brownish solution. We also have found that the 
alcoholic solution varied in colour from green to brown, but in no case was the 
absorption band characteristic of methylfurfuraldehydepliloroglucide detected. 
Furthermore, Rosen thaler’s [1909] reaction gave negative results on the hemi- 
eellulose and its hydrolysis products. 

Thus, Preeee’s fractions A 3 , B 3 and G x are in reality one fraction only, A 1 ; 
fraction C 2 appears to have a separate existence since in this case the xylan is 
replaced by araban. 

Precipitation by copper solutions. 


The sample of hemieellulose A 3 used in these experiments contained 2*85 % 
of ash and 0-94 % of lignin. A solution was prepared containing 1 % (on an ash¬ 
free basis) of the hemieellulose in 4% NaOH. 200 ml. portions of the solution 
were measured out, precipitated with a copper solution and decomposed with 
acid, the following reagents being used : 

For precipitation: (a) 10 ml. glycerol followed by 20 ml. M cupric sulphate; 
(b) 00 ml. of Fehling’s solution; (c) 30 ml. of Schweitzer's reagent. 

For decomposition: (d) 200 ml. 25% acetic acid; (e) 200 ml. N HC1. 

In each case, after addition with stirring of the precipitating reagent, the 
solution was allowed to stand overnight. 

The copper gel was then filtered off on a hardened paper and subsequently 
decomposed with 200 ml. of acid, the solution being stirred mechanically. Half 
a volume of acetone was added to the acid solution and after standing overnight 
the precipitate was filtered off on a Berlin funnel, washed with 50% acetone 
until free from acid and copper and dried to constant weight as usual. The 
following yields (ash-free) were obtained: 


Precipitation by 
Glycerol and cupric sulphate 
»» » 

Fehling’s solution 

M 

Schweitzer’s reagent 


Decom¬ 

Yield 



position 

r — 

- s 

Ash 

by 

g- 

% 

% 

HOAc 

1-75 

87*2 

1*20 

HC1 

1*54 

76*8 

0*60 

HOAc 

1*43 

71*0 

0*73 

HC1 

1*39 

69*0 

1*00 

HOAc 

1*42 

70*8 

2*64 
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As in the case of the acid precipitations, the chemical composition of all the 
products was identical within the usual experimental error, so that the larger 
yields in the case of glycerol and cupric sulphate represent genuine improvements 
in technique. 

Buston [1934], working with a hemicellulose mixture from cocksfoot grass, 
commented on considerable losses of hemicellulose when precipitating fraction A 
and when carrying out the copper precipitation. It seems quite probable that 
losses in the former case were due to lack of regulation of the pH at which 
precipitation took place, and the above results demonstrate sufficiently con¬ 
clusively that losses at the copper precipitation stage may be minimized by the 
use of glycerol and cupric sulphate, followed by decomposition with acetic acid. 
In this way the amount of inorganic salt introduced, and hence the loss on 
subsequent washing, is minimized. It should be pointed out that although the 
hemicelluloses of maize cobs investigated by Preece have been the subject of 
special comment in this paper, similar remarks probably apply to other hemi¬ 
celluloses which have not yet been re-examined. 

Summary. 

1. There is an optimum pH for precipitation of fraction A of a hemicellulose 
mixture. 

2. Failure to precipitate at the optimum pH leads to a low yield of fraction A 
and the appearance of this fraction at Later stages in the separation. 

3. Improved yields of hemicellulose fractions may be obtained by pre¬ 
cipitating with glycerol and cupric sulphate instead of Fehling’s solution, and by 
subsequent decomposition with acetic acid instead of hydrochloric acid. 

Thanks are due to the Department of Scientific and Industrial Research for 
a grant in aid received by one of us (S. A.). 
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CCCII. STUDIES ON HEMICELLULOSES. 

VI. THE HEMICELLULOSES OF THE FLOWER 
OF THE HOP ( HUMULUS LUPULUS). 

By STANLEY ANGELL and FREDERICK WALTER NORRIS. 

From the Department of Industrial Fermentation , University of Birmingham . 

(Received 30 October 1936.) 

The study of the carbohydrate constituents of the hop flower constitutes an 
almost entirely neglected chapter in plant biochemistry. On the other hand, the 
chemistry of the antiseptic principles present in the hop has been the object of 
intensive research, chiefly owing to the known technical importance of these 
substances in the brewing processes. Nevertheless, a study of the complex 
carbohydrates of the hop should be of interest from both academic and technical 
viewpoints, since on the one hand we believe that this is the first occasion 
on which the hemieelluloses of floral organs have been described and on the 
other the colloidal systems formed by such substances in solution may have 
technical importance. The papers of Fink et ah [1935-36] on pectin in hops 
indicate a growing interest in the nature of this substance and its possible role in 
brewing technique. 

It is proposed to descrit>e studios on the nature of pectin in hops in a sub¬ 
sequent communication, whilst in this paper the preparation and properties of 
the hemieelluloses will be discussed. 

The methods employed in the preparation of the hemieelluloses were similar 
to those indicated in earlier papers in this series [Norris & Preece, 1930; Preece, 
1930], with such modifications as were found necessary in dealing with this 
particular source and several improvements in technique which have been 
indicated in the previous communication [Angell & Norris, 1936]. In addition, 
since the introduction of more exact methods of calculation of analytical results 
[Norris & Reach, 1935; Angell et ah 1936] we believe that we are now in a 
position to determine the proximate constitution of our products with greater 
accuracy than hitherto. 

A more elaborate treatment of the material prior to extraction of the hemi- 
celluloses was necessary in the case of hops since the amount of substances 
soluble in organic solvents was greater than in other materials examined by us. 
Failure to remove such substances from the original material led to considerable 
difficulty in purifying the final products which were invariably contaminated. 
The hops in bulk were therefore extracted to exhaustion successively with 95 % 
ethyl alcohol, methyl alcohol and ether. Extraction with water and hot am¬ 
monium oxalate solution followed, whereby all pectin was removed. The removal 
of lignin presents a considerable difficulty which Norris & Preece [1930] sought 
to overcome by extraction of the material with a 1 % solution of NaOH in 50 % 
alcohol. It was considered that while this reagent would remove a large propor¬ 
tion of the lignin, any tendency for the hemicellulose also to pass into solution 
would be checked by the presence of the alcohol. In a quantitative study 
Norman [1935] criticized this method on the ground that, in fact, hemicellulose 
was extracted and lost at this stage. We have carefully examined the material 

( 2159 ) 
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before and after extraction, and the product obtained by the extraction, in the 
cases of hops and of maize cobs, and in these two cases at least have found no 
appreciable loss of furfuraldehyde-yielding substances. 

The hemicelluloses were extracted as usual with 4 % NaOH and fractionation 
was carried out with modifications of the method suggested by Norris & Preece 
[1930]. The first fraction, A, was most completely precipitated by acetic acid at 
pH 3, a more acid value than that for maize cob hemicelluloses [Angell & 
Norris, 1936]. The precipitation of fraction B with half a volume of acetone did 
not occur until the solution was further acidified to pH 2. On the other hand, 
fraction C was not precipitated at all in very acid solutions—pH lower than 4— 
but was precipitable by acetone in neutral or slightly acid solutions, with a feeble 
optimum at pH 6*5. Thus it would seem, as we have indicated in the previous 
communication, that the optimum pH of precipitation of the hemicellulose is a 
characteristic of each type. 

Further fractionation was effected through the copper gels using cupric 
sulphate and glycerol for precipitation and acetic acid for decomposition [Angell 
& Norris, 1936]. In this way four fractions were obtained, namely Aj, B,, B 2 
and C 2 , of which A* was by far the largest. The yields of Bj and C 2 were so small as 
to preclude complete analysis. 

Fractions A 1 , B 2 and C 2 showed no striking differences in composition, since 
they all contained anhydroxylose, anhydroglucose, glycuronio anhydride and 
methoxyl groups. Quantitative examination revealed, however, that the pro¬ 
portions of each constituent varied very markedly from fraction to fraction. It 
is still not possible to say that any one fraction represents a single chemical 
entity, but the widely differing analyses show that some separation has been 
effected. 

The total amount of hemicellulose is small, being approximately 3%, but 
it will be seen from the above that the hemicelluloses conform to general type, 
consisting of pentosan, hexosan and uronic anhydride. It would appear there¬ 
fore that no matter where the site may be, in the floral organs as in this case, or 
in the seed coats, stems etc. of a number of plants which have already been 
examined, the general constitution of the hemicelluloses is closely similar. 

Experimental. 

Analytical methods . 

The following is a r6sum6 of the methods employed throughout. 

Moisture: by loss in weight on drying to constant weight in an electric oven 
at 100°. 

Ash: by heating to a white ash of constant weight at dull red heat. 

Protein: by standard Kjeldahl process; protein calculated as Kjeldahl 
nitrogen x 6*25. 

Alcohol - and ether •soluble : by exhaustive extraction with each solvent in turn 
in a Soxhlet apparatus. 

Cross and Bevan cellulose: by the usual modified procedure. The C. and B. 
cellulose yielded furfuraldehyde which was calculated to xylan by the equation 
X =0*7673P-f0*0069 [Angell et al . 1936]. “True” cellulose was given by 
difference between C. and B. cellulose and xylan. 

Lignin: by method of Schwalbe [1926] involving treatment with a mixture 
of 72% sulphuric acid and 18% hydrochloric acid. 

Uronic anhydride: by the apparatus of Dickson et al [1930], modified by 
Norris & Reach [1936]. 
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Furfuraldehydephloroglucide: by the method of Krober [1901] using a modified 
apparatus. As an approximate indication of pentosan and urone content in the 
hops at various stages the “yield of furfuraldehyde” is given by use of the 
equation 0-5198 JP4-0-0020. Tn mixtures containing xylose, glycuronic an¬ 

hydride and glucose, anhydroxylose, X , is obtained from the equation 

X = 0-0060 4- 0-7859 P - M46 C, 

where P =phloroglucide and C — carbon dioxide from urone. Glucose is given 
approximately by difference [Angell et al. 1936]. 

Pretrealment of hops. 

The hemicelluloses were prepared from the fresh unsulphured flowers of the 
hop, variety Fuggles, grown in Worcestershire and picked in September 1934. 

Analysis: The fresh hops contained 76-6% moisture and the dry hops gave 
the following analysis: 0/ 


Ash 

8-5 

Protein 

21-3 

Alcohol-ether-soluble 

3(H) 

r. and B. cellulose 

15-3 

Xylan 

2-3 

True cellulose 

130 

Lignin 

22-8 

Furfuraldehyde 

6-4 


The total hemicellulosc present was determined by the method of Preece 
[1931] and found, on an ash-free basis, to be 3-4%. An attempt to determine 
the amounts of each fraction [Buston, 1934] proved unsuccessful owing to the 
extreme difficulty in separating small amounts of colloidal precipitate. 

Extraction v'ith organic solvents. About 6500 g. of hops were dried in air at 
50° for 5 days, then ground in a Christie and Norris laboratory mill and immersed 
immediately in 80% alcohol in order to minimize enzyme action on rupture of 
the cells. The net dry weight of hops used was 1510 g. 

The ground hops were filtered from the 80 % alcohol, placed in a calico bag 
and extracted with boiling 95 % alcohol for 10-12 hours on each of 9 days. The 
ethyl alcohol was then expressed and a similar treatment with methyl alcohol 
for 8 days followed. After removal of methyl alcohol, the hops were extracted 
twice with ether under reflux for 3 hours, washed with ether, dried and weighed. 
The weight after this treatment was 950 g. corresponding to a loss of 37 % on the 
original dry weight. The furfuraldehyde yield of the extracted hops was 9-8 %, 
equivalent to 6*2 % on the original dry hops. Since the latter gave a furfuralde¬ 
hyde yield of 6-4 % it is evident that no appreciable loss of pentosan or uronic 
anhydride had occurred by reason of the extraction. 

Extraction of pectin . Since hop pectin was required for the purpose of another 
investigation the opportunity was taken to prepare pectin by different treatments 
and in this way the hops were completely exhausted of pectin. They were ex¬ 
tracted successively by water: (i) at room temperature, (ii) at 50°, (iii) at 90°, 
(iv) under pressure at 125 p ; and finally three times with hot 0-5% ammonium 
oxalate. The residue was thoroughly washed and pressed. 

Extraction of lignin . The hops were then extracted twice with boiling 1 % 
NaOH in 50 % alcohol as suggested by Norris & Preece [1930]. A third extraction 
with 50% alcohol only was carried out in order to facilitate removal of the 
NaOH, after which the hops were filtered off and pressed. 

The alcoholic NaOH extract was examined in order to detect any possible 
loss of hemioellulose at this stage as suggested by Norman [1935]. The solution 
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was acidified with glacial acetic acid to pH 3*6, a copious brown precipitate being 
formed. This was reprecipitated from 1% NaOH by acetic acid, washed and dried 
in graded strengths of alcohol. It was then extracted in a Soxhlet extractor with 
methyl alcohol, which removed a quantity of brown-coloured material, then with 
absolute alcohol and ether. After drying in vacua the powder weighed 17*2 g., 
equivalent to 1-15 % of the hops. The product contained 68 % of lignin and 70 % 
was unaffected by hydrolysis for 12 hours with 0-5 N sulphuric acid. From the 
present viewpoint, however, the most important fact is its failure to yield any 
furfuraldehyde at all. This shows conclusively that hemicellulose—in particular 
fraction A, which would be precipitated under the conditions imposed—was not 
dissolved out by the reagent. A similar result was obtained in the case of maize 
cobs which were specially re-examined in view of Norman’s results. 

Extraction of hemicdluloses. 

The residue after lignin extraction was allowed to stand overnight with a 
large volume of cold 4% NaOH, the extract then being filtered off through 
muslin. This procedure was repeated six times, until the last extracts contained 
only a negligible quantity of material precipitable by acetone. 

Precipitation of hemicellulose A. Preliminary experiments, similar to those 
described in the previous communication [Angell & Norris, 1936], had shown 
that the most complete precipitation of fraction A occurred at pH 3. In order to 
bring the alkaline solution to this acidity it was necessary to use hydrochloric 
in addition to acetic acid. Accordingly a mixture of these acids was added to the 
united NaOH extracts until this acidity was reached, the precipitate being allowed 
to settle out and then separated at the centrifuge or by filtration. The precipitate 
was redissolved and reprecipitated several times and finally dried in graded 
strengths of alcohol and in vacuo. 

For separation through the copper gel the following procedure was adopted, 
again as the result of preliminary experiments. The fraction is dissolved in 4 % 
NaOH and to the solution is added one-twentieth volume of glycerol, the whole 
being thoroughly stirred. Stirring is continued whilst one-tenth volume of molar 
cupric sulphate is added. If the gel formed is bulky it may be filtered through 
muslin and pressed out; if small in quantity it may be filtered off on a hardened 
paper. The gel is then stirred into water and decomposed with acetic acid ; from 
the solution it is precipitated by acetone, reprecipitated and dried as usual. 

The copper solution after separation of the gel is also treated with acetone for 
separation of the other fraction if present. In this instance, no Ag fraction was 
obtained, the whole of the original precipitate coming down as copper gel of 
fraction A x . 

Precipitation of hemicellulose B. The filtrate after separation of the first 
fraction A was brought to pH 2 and one-half volume of acetone added. The 
precipitate formed was fractionated, as previously described, through the copper 
gel, and in this case two fractions were obtained, B x and B a . 

Precipitation of hemicellulose C. The filtrate from hemicellulose B was adjusted 
to pH 5-5 and excess acetone added whereby a final precipitate was obtained 
which on copper treatment was found to consist solely of fraction C 2 . 

Composition of the hemicdluloses . 

The final products varied in colour from white to yellowish brown; they con¬ 
tained varying amounts of ash and lignin, which could not be completely re¬ 
moved. The hemicelluloses were non-reducing and gave no colorations with 
iodine. Fractions A x and B x were sparingly soluble in boiling water, but soluble 
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in alkali; on the other hand B 2 and C 2 were readily soluble in cold water. The 
yields of each fraction and their analyses are given in Table I. 

Table I. 


On a lignin- and ash-free basis 





Yield 

Furfur- 

Carbon 



Ash 

Lignin 

,-A-^ 

aldehyde 

dioxide 

M ethoxy 1 

Fraction 

o, 

o 

<»/ 

/o 

g- % 

0/ 

o 

O/ 

/ o 

o 

/O 

A, 

0*85 

2-04 

241 10 

50-5 

312 

1-43 

B, 

8-9 

— 

(Ml 004 

24-5* 

3-83* 

_ 

B, 

12-7 

12*0 

40 0-26 

390 

3*53 

4-55 

c. 

12-7 

10-4 

1-5 0-10 

190 

9-70 

1-37 




* Ash-freo basis only. 





Hydrolysis of A x and B 2 with dilute sulphuric acid and subsequent identifi¬ 
cation of the sugars formed showed that in each ease xylose and glucose were 
present, whilst the Heidelberger & Goebel [1927] reaction indicated glycuronic 
acid. Anhydroxylose, X , in the products was calculated from the yields of 
phloroglucide, and carbon dioxide, (\ using the equation 

X = 00060 + 0-7859P- 1-146C. 

Anhydroglucose was then obtained by difference. The limits of accuracy of this 
procedure have already been discussed [Angell el al. 1936]. 

The yields of B, and C 2 were so small that it was not possible to complete 
a qualitative examination; in the latter case it is possible to calculate the proxi¬ 
mate composition from the quantitative results, on the assumption that the 
hydrolysis products are the same as for A 1 and B 2 . The following table shows the 
percentage composition of the three major fractions. 




Fractions 



A, 

b 2 

c* 

Anhydroxylose? 

70*1 

58-2 

20*9 

Glycuronic anhydride 

12-0 

14-1 

38*8 

Methoxyl 

1*4 

4*5 

1*4 

Anhydroglucose (by diff.) 

100 

23*2 

38*9 


Fraction B* was so small in amount as to suggest that it might possibly 
represent a small proportion of fraction A which had escaped precipitation. In 
the absence of data on the lignin content of B x it is impossible to establish its 
composition with as much accuracy as in the other cases, but the figures avail¬ 
able show that it must consist of 35-39% of anhydroxylose, 15-17 % of uronic 
anhydride and about 47% of anhydroglucose. These values are sufficiently 
different from any of the others in the above table to show plainly that this 
fraction has a separate existence. 


Discussion. 

The composition of the hemioelluloses in every case shows that anhydroxylose 
is the only pentose present and, as might be anticipated, this is accompanied by 
glycuronic anhydride and anhydroglucose. It is somewhat surprising that the 
hemioelluloses present in the floral organs should show such close similarity to 
those obtained from various woods. Thus O’Dwyer found large amounts of xylan 
together with glycuronic anhydride and mothoxyl groups in hemioelluloses of 
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beech [1926] and oak [1934], whilst those of mesquite wood were similar [Sands & 
Gary, 1933]. Nevertheless, it is significant that the dried hops contained some 
22 % of lignin, and the products fall into line with Buston’s proposed classifi¬ 
cation [1935]. Thus, according to Buston, non-lignified tissues may be expected 
to yield pectin and hemicelluloses of the galactose, arabinose and galacturonic 
acid series, whilst lignified tissues yield little or no pectin and hemicelluloses of the 
xylose, glucose and glycuronic acid series. It is evident then that hop flower 
hemicelluloses will fall into the latter class. 

We have stressed the impossibility of establishing the individual chemical 
nature of any one of the hemicellulose fractions and would also point out the 
danger in attempting, at this stage, any correlation between chemical con¬ 
stitution and physical characteristics. Thus, Buston [1935] has attempted to 
show that insoluble “A” hemicelluloses consist largely of either pentosan or 
hexosan units, whilst the soluble “B ,? and “C” types contain large proportions 
of uronic anhydride. That this is not universally the case is indicated by fractions 
Aj and B 2 in hops: the marked difference in physical properties in this case is 
to be correlated merely with an alteration in the pentosan/hexosan ratio, the 
proportion of uronic anhydride remaining substantially unaltered. 

Finally, it may be mentioned at this stage that the whole of the work 
described here was preceded by preliminary operations on hops of the 1933 
season. Such work need not be detailed here, since the methods adopted for the 
1934 crop were in every way superior. Some evidence, however, was obtained 
which appears to indicate that the relative amounts and proximate composition 
of the various fractions of hemicelluloses may be subject to seasonal and other 
variations. 

Summary. 

1. The hemicelluloses of the flowers of the hop have been prepared and their 
nature investigated. 

2. The importance of the pH of the solutions for precipitating the various 
fractions is stressed. 

3. The fractionation by means of copper solutions is carried out with glycerol- 
cupric sulphate mixture. 

4. The largest fractions are A x and B 2 , whilst C a and particularly B x are 
small. 

5. All fractions consist of anhydroxylose, anhydrogluoose and glycuronic 
anhydride in different proportions and hence the hop hemicelluloses belong to the 
xylan class usually found in lignified tissues. 

Thanks are due to the Department of Scientific and Industrial Research for 
a grant in aid to one of us (S. A.). 
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In the past the Schardinger enzyme-xanthine oxidase system has received con¬ 
siderable attention, but investigations have been mainly confined to the 
preparation and properties of the enzyme as found in milk. Liver of most 
Mammalia is a potent source of this enzyme, but apart from the pioneer work 
of Battclli & Stem [1910], and Pamas [1910], the only detailed investigation of 
this source is that of Wieland & Frage [1929]. 

Milk is of course a much better starting material for the preparation of the 
enzyme, as not only is it almost free from accompanying substrates, but it is 
not a rich storehouse of enzymes like liver. Despite this it seemed of interest to 
study the properties of liver enzyme preparations, if only to compare them 
with those from milk. 

The earlier work of Wieland and Frage, of which this communication forms 
an extension, was carried out with horse liver. The difficulty of obtaining 
supplies soon led to its abandonment in favour of ox liver. A further point in 
favour of ox liver is that, unlike horse liver, it is free from uricase [Ro, 1931], a 
fact later confirmed in this investigation. This makes the interpretation of 
figures obtained for the oxidation of purine bases to uric acid much easier as 
there is no further oxidative breakdown to allantoin to consider. 

I. Respiration of minced ltver and its aqueous extracts. 

In studying the respiration of minced ox liver it became evident that 
owing to factors unknown at the time, certain of the results of Wieland & Frage 
could no longer be considered correct. These authors stated that the rate of 
oxygen uptake of minced liver suspended in phosphate buffer slowed down 
considerably after half an hour, whilst the corresponding development of C0 2 
came to a standstill at the same time. In the experiments from which these 
conclusions were drawn a 40% solution of KOH was used to absorb OO a 
developed. This method of C0 2 absorption has been shown by Dixon & Elliott 
[1930] to be very inefficient, and when a small roll of filter paper soaked in 
7 % KOH is used instead, quite different results are obtained. As is shown 
in Table I both oxygen uptake and C0 2 output continue quite regularly, the rates 
fall off slowly with time, but there is no sudden decrease or cessation. 

The C0 2 output is calculated by difference from the manometric readings 
obtained when no KOH is used to absorb the C0 2 produced. 

This does not give a strictly accurate measure of the C0 2 output as both the 
phosphate buffer and the protein present will retain a certain amount of C0 2 . 
The r.q. 0 37 as calculated from the above data is therefore low. Figures are 
not yet available for the k.q. of ox liver slices, but Gemmill & Holmes [1935] 
record 0-79 for rat liver slices. It therefore seems likely that jpincing leads to a 
1 Senior Hulxne Scholar, Brasenoae College, Oxford. 
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Table I. 


Time 

(> 2 uptake 

COj output 

in min. 

pl./g. 

fil/g. 

15 

92 

44 

30 

178 

66 

45 

260 

92 

60 

3 22 

116 

90 

434 

160 

120 

536 

206 


reduction in the r.q. of ox liver, a conclusion which it is hoped to confirm at a 
later date. It is a well-known fact that mincing leads to inactivation of several 
enzymes in tissues. As xanthine oxidase is unaffected by such treatment, mincing 
frees the ultimate preparation from some of the enzymes likely to be present. 

Acceleration of respiration by xanthine . 

An aqueous extract of minced liver (1 ml. per g.), like the *breF itself, 
has quite a considerable self-respiration. If xanthine be added to a solution 
containing 1 ml. of such an extract buffered at pH 7-6, the respiration may or 
may not undergo an initial acceleration. It may take an hour or more for 
xanthine to exert an accelerating effect, but ultimately the extra oxygen 
uptake will amount to that required for the complete oxidation of xanthine to 
uric acid. 

Similar experiments by Morgan et al. [1922] showed that with rat liver the 
oxygen uptakes were in accord with the complete conversion of xanthine into 
allantoin. As rat liver is rich in uriease and ox liver contains none the dis¬ 
crepancy is only apparent. The aqueous extracts are kept sterile by toluene; 
otherwise, as shown by TruszkoWski [1930], bacterial contamination may lead 
to uricolytic action. Toluene does not seem to affect xanthine oxidase in any 
way. 

Table II shows the varying effects of the addition of A//l00 or M /80 xanthine 
on the rate of respiration of an aqueous extract of liver. 

Table II. 



<«a 

Qoi 

e. 

104 

129 

70 

152 

100 

149 

82 

154 

62 

172 

164 

164 

127 

131 




Q i}9 represents the amount of oxygen taken up by 1 ml. of an aqueous liver 
extract in 1 hour, whilst represents the amount taken up when xanthine is 
also present. Uptakes are recorded in ftl. 

While Q* t only varies some 15 % on either side of a mean, Q 0i is subject to 
wide variations. Q* t may be equal to Q 0i , or it may be three times as great. The 
approximate constancy of indicates that the activity of xanthine oxidase 
does not vary much from one liver to another, but variations in indicate a 
variable purine content. 

However suboptimum concentrations of purine bases are so low that for a 
complete explanation of the respiration rate obtained a continuous formation 
of purine base by nucleosidase action must be assumed. The purine base is 
oxidized as soon as it is set free so that its rate of oxidation is governed by its 
rate of formation. 

Bioohem. 1036 xxx 
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Precisely the same process takes place in the milk enzyme. According to 
Dixon & Lemberg [1934] the slow hydrolysis of inosine by xanthine oxidase 
preparations can be followed manometrically, as the hypoxanthine is oxidized 
to uric acid as soon as it is formed. 

The above results are not inconsistent with the view that the bulk of the 
respiration of minced liver is due to the oxidation of xanthine. Although positive 
proof of this cannot be advanced there is evidence which fits in with this view. 
If the bulk of the respiration is due to xanthine oxidase it should be but little 
affected by cyanide for, as will be shown later, the enzyme is only partially 
inhibited at high cyanide concentrations. In agreement with earlier results of 
Dixon & Elliott [1929] it has been found that this is indeed the case, inhibition 
amounting to less than 20% with if/1000 HCN. The extent of cyanide 
inhibition is thus in harmony with, although it does not prove, the theory 
advanced. 

If we consider the non-cyanide-sensitive part of the respiration to be due to 
purine base oxidation it should be possible to calculate the purine base content 
of the liver. In one case, typical of several, the self-respiration of 1 ml. of an 
aqueous liver extract in the presence of ilf/1000 HCN amounted to 173 fil. 
after 6 hours’ shaking, by which time the reaction had come almost to a standstill. 
If the whole of this oxygen uptake were due to xanthine* oxidation the purine 
base content of the extract would be 2*35 mg./ml. while if due to hypoxanthine 
oxidation it would be 1-05 mg./ml. Thus the soluble purine base content of 
ox liver if the above views are correct should be between 105 and 235 mg. per 
100 ml., which is consistent with the value 201 mg. per 100 ml. found by 
Eellenberg [1918]. 

Mincing the tissue does not necessarily destroy enzymic systems, but those 
systems requiring a coenzyme will have their activities largely reduced by the 
dilution effect of the dispersion of the coenzvme. Other enzymes such as the 
succinic dehydrogenase may make but little contribution to the respiration 
rate owing to the low substrate concentration associated with the enzyme. 
That this applies in the case of succinic dehydrogenase is shown by the 
very great acceleration in the rate of oxygen uptake when succinate is 
added to minced liver. 

Effect of acetaldehyde on the respiration rale . 

According to Wieland & Frage the addition of acetaldehyde has an 
accelerating influence on both the oxygen uptake and the C0 2 output of respiring 
liver extracts. This acceleration in oxygen uptake is however only apparent, as 
the increase is exactly equal to the rate of autoxidation of acetaldehyde when 
alkali is present to absorb C0 2 . 

Thus after 1 hour’s shaking the oxygen uptake of 218 pi. shown by 0-25 g. 
of minced liver is increased to 317 by Mj 25 acetaldehyde. This concentration of 
acetaldehyde under the same conditions produces an oxygen uptake of 102 pi. 
without any enzyme being present. 

According to Andersson 11935] the dehydrogenation of acetaldehyde by the 
Schardinger enzyme is strongly inhibited by several purine derivatives such 
as adenosine, muscle adenylic acid and adenylpyrophosphate as well as by 
xanthine itself. The presence in liver of these substances accounts for the failure 
of the enzyme to bring about the oxidation of its substrate. This conclusion 
implies that the oxidation of acetaldehyde by the liver enzyme has no physio¬ 
logical significance. In milk, which is largely free from purine derivatives, added 
aldehydes are oxidized quite normally. 
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When no steps are taken to absorb the C0 2 produced one would expect that 
the addition of acetaldehyde would have no effect on the manometric readings, 
but actually the readings were distinctly higher. As oxygen uptake is un¬ 
affected, C0 2 output must therefore be inhibited, probably through an inhibition 
by the aldehyde of enzymic processes leading to C0 2 formation. In micro¬ 
respiration studies of the oxidation of aldehyde, C0 2 must therefore be absorbed 
even although it is not a product of oxidation of the substrate, unless one can 
prove quite definitely that no C0 2 is produced in the system at all. 

II. Preparation of xanthine oxidase from liver. 

in the earlier work of Wieland & Frage [1929] an enzyme preparation is 
deserif>ed obtained by the precipitation with acetone of a toluene-water extract 
of finely minced liver. If this precipitate is centrifuged down, exhaustively 
washed with acetone and given one final washing with ether (dried and distilled 
over sodium) an enzyme preparation is obtained in the form of a very finely 
divided powder (Prep. A). 

It is insoluble in water, but its suspension functions as quite an active 
catalyst. It still possesses an appreciable self-respiration but the accelerations in 
the rate of oxygen uptake on addition of xanthine and aldehyde are quite 
marked. 

Its insolubility makes it impossible to concentrate the enzyme by dissolving 
and reprecipitating. Fractional precipitation with acetone led to no definite 
concentration of the enzyme in any one particular fraction. Further, attempts 
to deplete the liver mince of its substrates, either by dialysis or impoverishment 
(shaking with oxygen for several hours) were not sufficiently successful to 
make such preliminary treatment before acetone precipitation of any great 
advantage. 

In manometric experiments 0-2 or 0-25 g. proved a convenient amount to 
handle. With the Warburg technique this amount was suspended in 5 ml. 
Ml 15 phosphate buffer, p H 7-6, and the volume adjusted with distilled water 
so that after addition of substrate the total volume was 8 ml. In the experiments 
with the Barcroft differential manometer the total volume was 3 ml. 

Of many substrates tried only purine bases and aldehydes accelerated the 
rate of oxygen uptake. There was no acceleration on the addition of succinic 
acid or alcohol despite the high activity in liver of their corresponding 
dehydrogenases. 

In an endeavour to make the enzyme more water-soluble the minced liver 
was subjected to digestion with takadiastase and with trypsin, but both methods 
brought about a complete destruction of the xanthine oxidase. 

The dehydration of min ced liver with acetone has led, in the hands of 
Bemheim [1928, 2] and Harrison [1931, 1, 2], to a method by which several 
dehydrogenases could be extracted from the acetone-liver. An aqueous extract 
of acetone-liver may itself be used as an enzyme source but a solid preparation 
may be obtained by adding slowly, with stirring, an equal volume of a saturated 
solution of ammonium sulphate. A high-speed centrifuge is required to separate 
the precipitate formed. It is roughly dried on a porous plate to remove as 
much ammonium sulphate solution as possible, after which drying is completed 
in vacuo over sulphuric acid (Prep. B). 

This preparation is completely soluble in water or phosphate buffer, and 
I ml. of a 10% solution in Mj 16 phosphate pH 7*6 is a convenient amount for 
manometric experiments. 
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Acetone-liver, like aqueous liver extracts, has a somewhat variable self¬ 
respiration but its oxygen uptake is always considerably accelerated by the 
addition of xanthine. Its phosphate extracts have a somewhat lower self¬ 
respiration and the final preparation is sometimes obtained completely free from 
self-respiration. 

Oxidation of aldehydes . 

These experiments were all carried out with Prep. A. If in manometric 
experiments on the oxidation of volatile aldehydes KOH is used to absorb any 
C0 2 that may be formed, there will be a rapid oxygen uptake due to a condensa¬ 
tion reaction of the aldehyde at the surface of the KOH. This, unless eliminated 
or corrected for, will lead to very inaccurate results, and failure to realize this 
fact invalidates much of the previous work on the enzymic oxidation of these 
aldehydes. 

In this particular work C0 2 must be absorbed, so the effect was corrected 
for by subtracting values for the non-enzymic autoxidation from the values 
recorded. This procedure seems justifiable as the two reactions leading to 
an oxygen uptake occur in different phases and should not interfere with one 
another. 

Table III. 

/il. o a 


Time 

Acetaldehyde. 


min. 

M/10 

M/25 

M/50 

10 

60 

26 

13 

20 

105 

45 

20 

30 

64 

28 

40 

176 

73 

34 

80 

289 

123 

— 

Time 

Propaldehyde. 


min. 

M/10 

M/ 20 

5 

90 

40 

10 

142 

66 

15 

188 

91 

20 

226 

111 

30 

298 

151 

40 

364 

191 

50 

420 

227 

60 

472 

261 


The figures quoted above are average values from often as many as ten 
determinations; individually the uptakes vary considerably. There is an 
approximate dependence of the rate of autoxidation on the aldehyde concentra¬ 
tion. 

In Figs. 1 and 2 are plotted the results obtained for the enzymic oxidations 
of acetaldehyde and propaldehyde, corrected in this way for autoxidation. 

The rate of oxidation of acetaldehyde is independent of substrate con¬ 
centration so long as this concentration is greater than M/50 . In each of several 
such experiments the values for M /100 acetaldehyde were consistently lower, 
and for Jf/250 acetaldehyde lower still. The figures obtained were not precise 
enough for an exact evaluation of the Michaelis constant, but it is probably of 
the order 0*005 M . 

Propaldehyde undergoes autoxidation much more rapidly so that a larger 
proportion of the recorded uptake is due to this factor. Despite the greater 
error introduced there seems little reason to doubt that, the initial rateB 
of oxidation of propaldehyde are the same while the concentration ranges 
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from ilf/100 to Mj 10. In the later stages of the reaction this agreement is not 
maintained, and after an hour’s shaking the uptake with Jf/100 aldehyde is 
double that with Mj 10. In the latter case reaction ceases after 30 min. 



Kg-1. O— 0 Mf\0 acetaldehyde, jl —■ A Jf/25 acetaldehyde. 
0—0 M /50 acetaldehyde, x—x 3f ; 100 acetaldehyde. 



With acetaldehyde the uptake curve is not linear, and when we consider that 
the enzyme is protected against H 2 0 2 inhibition by catalase and is unaffected 
by acetate and by mechanical shaking, we must conclude that acetaldehyde 
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inhibits its own dehydrogenase. Propaldehyde appears to have an even 
higher degree of toxicity and here the slowing up of the reaction rate is 
sufficiently marked for the greater effect of higher substrate concentrations to 
be evident. 

If these conclusions are to be acoepted incubation of xanthine oxidase with 
Jf/10 propaldehyde should cause complete destruction of the enzyme. To 
test this advantage was taken of the insolubility of Prep. A. After incubation 
at 37° for 1 hour the enzyme was centrifuged down, washed to remove 
products of reaction and resuspended in phosphate buffer. After this treatment 
it was found to be completely inactive. The centrifugate, on the other hand, 
could still function as a substrate for fresh enzyme so that it can be concluded 
that no toxic products are formed as a result of the reaction and that it is the 
substrate itself that is the inhibitor. 

It is interesting to recall that Battelli & Stem [1913] showed that propion- 
aldehyde exerted a greater toxic effect than acetaldehyde on succinic dehydro¬ 
genase, and that Remheim [1928, 1] showed that the aldehyde dehydrogenase 
of potato was completely destroyed by incubation with acetaldehyde. 

Oxidation of xanthine . 

Using Prep. B, one completely free from self-respiration, the theoretical 
curve for the complete oxidation of xanthine to uric acid was realized, as shown 
in Pig. 3. 



Fig. 3. 


The rate was linear until oxidation was nearly complete and, after the 
calculated quantity of oxygen had been taken up (2 ml. Jf/100 xanthine 
requires 224 /xl. 0 2 ), the reaction came to a standstill. The curve is identical 
with that obtained by Dixon [1925] when milk xanthine oxidase was mixed 
with a sufficiency of catalase. As is well known, liver is rich in catalase. 0*02 M 
H 2 O 2 is instantaneously decomposed by a phosphate extract of acetone-liver 
and the rate is only measurable after considerable dilution. 

With this high catalase concentration the enzyme is completely protected 
against the toxic effect of HgOg. The uptake curves are therefore linear and as 
the fl^Qg is completely decomposed the uptakes for complete oxidation to uric 
acid are realized exactly. 
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The enzymic oxidation of xanthine by liver xanthine oxidase is perfectly 
normal. In Figs. 4 and 5 are plotted the results obtained by varying enzyme and 
substrate concentration. 

The initial rate of oxidation is proportional to the enzyme concentration. 
A five-fold increase in the substrate concentration has no effect on the rate and 
the two curves only separate when the oxidation of Mj 400 xanthine approaches 



Fig. 4. o — o iU780 xanthine. «—* J//400 xanthine. A—A Self-respiration. 
Fig. 5. o —0 0*50 g. Prep. A. A—A 0*25 g. Prep. A. M/200 xanthine. 


completion. Beyond this point the curve obtained with Mf 80 xanthine still 
follows the same straight line. The persistence of the straight line up to the 
point where oxidation is almost complete indicates that the rate is independent 
of substrate concentration down to very high dilutions of the order of if/4000. 
This indicates a low K m of the same order as that found by Dixon & Thurlow 
[1924] and by Booth [1935]. Apparently the purine bases do not inhibit their 
own oxidation when oxygen, and not methylene blue, is the hydrogen acceptor. 

The straight line uptake curves do not pass through the origin but cut the 
time axis at a point corresponding to a time interval of 5 to 10 min. Dixon [1925] 
noticed a similar effect, for when strong catalase solutions were added to milk 
preparations, there was always an initial induction period. 

Cyanide inhibition . 

With both Prep. A and B cyanide inhibition of the oxidation of xanthine is 
quite marked although it does not approach the order of inhibition observed 
with the succinic dehydrogenase. The effect of varying concentrations of cyanide 
on the rate of oxidation of xanthine is shown in Fig. 6. 

30 % of the activity, as measured by initial rate of reaction, is retained in the 
presence of Af/100 HCN. Such a concentration would cause complete inhibition 
of O f uptake of succinic oxidase, while according to Dixon & Thurlow [1925] 
milk xan thine oxidase is unaffected by cyanide at this concentration. The 
essential difference between Dixon's milk preparations and liver xanthine 
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oxidase is in the high catalase content of the latter. A closer inspection of the 
inhibition by high cyanide concentrations shows that the oxidation comes 
almost to a standstill with less than a half of the xanthine oxidized. This is so 
reminiscent of the oxidation of xanthine by catalase-free xanthine oxidase which 
Dixon [1925] showed to be brought to a standstill by the accumulation of 
H 2 0 2 , that it was concluded that similar conditions operated here through the 
complete inhibition of the catalase by HCN. 



Fig. 6. I, Oxidation JI//400 xanthine. II, Oxidation + Jf/2500 HCN. Ill, Oxidation+ 

M J500 HCN. IV, Oxidation + M/200 HCN. V, Oxidation +3//100 HCN. 

However, it has recently been shown by Dixon & Keilin [1936] that incuba¬ 
tion of xanthine oxidase with HCN in the absence of substrates caused a pro¬ 
gressive inactivation. As, in the above experiments, HCN was mixed with 
the enzyme and the substrate added after the attainment of temperature 
equilibrium, the above results might be due to this same type of inhibition. 
To test this possibility the experiments were repeated, and the effect of 
adding the cyanide together with the substrate, after the attainment of 
temperature equilibrium, was compared with that observed when enzyme and 
inhibitor were mixed initially. The extent of inhibition is slightly, although 
significantly, less when substrate and cyanide are added at the same time as 
shown in Fig. 7, but the results leave no doubt that the Dixon type of inhibition 
accounts for but a fraction of the total inhibition observed. If the Dixon effect 
were wholly responsible, there would be no inhibition at ail when the cyanide 
was added at the same time as the substrate. It can therefore be concluded that 
the cyanide-sensitivity of liver xanthine oxidase is due mainly to the inhibition 
of its catalase. 

Aerobic mixed substrate tests for xanthine oxidase have been carried out by 
Sen [1931] using hypoxanthine and the non-volatile aldehydes, piperonal and 
vanillin. It seemed of interest to see whether volatile aldehydes showed a 
similar competitive inhibition, making, of course, appropriate corrections for 
autoxidation. The substrates chosen were ilf/50 propaJdehyde and ikf/200 
xanthine both of which are in sufficiently high concentration to saturate the 
enzyme. The results obtained are plotted in Fig. 8. 

No conclusions can be drawn from these results as to the single or dual nature 
of the enzyme. Saturation of the enzyme with xanthine appears to inhibit the 
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oxidation of the aldehyde as initially the rate with the mixed substrate is 
exactly the same as with xanthine alone. It has also been shown by Andersson 
[1935] that xanthine inhibits the oxidation of aldehydes. The falling off in the 
rate with the mixed substrate can be ascribed to the toxic effect of the 
propaldehyde. 



Fig. 7. I, Mj 100 xanthine. 11, Inhibition by M 100 HUN. 111, Inhibition by 
J//100 HCN added with substrate. IV, Self-respiration. 



Fig. 8. 0—O M/SO propaldehyde. ;—& Jtf/200 xanthine, 
x—x Mixed substrate. 


Summary. 

1. In contradistinction to earlier work by Wicland & Frage the respiration 
of minced liver proceeds normally without any sudden slowing down. 

2. The observed rate of self-respiration of minced liver may be ascribed 
mainly to purine-base oxidation, and this rate is controlled by the rate of 
formation of purine base by nucleosidase action. 
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3. Acetaldehyde has no accelerating influence on the oxygen uptake of 
minced liver and inhibits its C0 2 output. 

4. The kinetics of aldehyde oxidation can be measured manometrically if a 
correction is made for the non-enzymic autoxidation of the aldehydes on the 
surface of the KOH. For acetaldehyde K m is probably of the order of 0*005 M. 
Propaldehyde and, to a less extent, acetaldehyde destroy the enzyme which 
catalyses their oxidation. 

5. Liver xanthine oxidase contains sufficient catalase to protect it against 
H2O2 • 

6. Cyanide inhibits xanthine oxidation indirectly by poisoning the catalase. 

7. Aerobically a mixture of xanthine and propaldehyde is oxidized at the 
same rate as xanthine alone. 

I wish to express my gratitude to Prof. Wieland, who suggested this problem 
to me, and to Prof. Peters for much helpful criticism and advice during the 
course of this work. My thanks are also due to the Department of Scientific and 
Industrial Research for a grant. 
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CCCIV. THE DISTRIBUTION OF MANNAN 
IN SOME GYMNOSPERMS. 


By ANNA NOWOTNOWNA. 
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(Received 31 October 1936.) 

Man nan has long been known to be widely distributed in woods, particularly in 
the softwoods or gymnosperms. Bertrand [1899] drew attention to the fact that 
whereas the hardwoods or angiosperms contain much xylan and little mannan, 
the softwoods contain more mannan than xylan and suggested that the mannan 
in a softwood occupies the same place as xylan in a hardwood. Schorger [1917] 
showed mannan to be present in 20 different species of softwoods in amounts 
up to 7-6%. Later it was realized that some of the mannan of softwoods is 
associated with the cellulosic fraction, and mannose was obtained from wood 
cellulose and wood pulps by hydrolysis [Lenze et al. 1920]. Heuser & Dammel 
[1924] found that the mannan of spruce pulp passes into the /3-cellulose fraction, 
and Hagglund & Klingstedt [1927] demonstrated the presence of mannan in 
specimens of wood cellulose by a consideration of the optical rotations of the 
cupraramoniuin solutions. Actual preparation of the mannan from sulphite 
pulp w r a8 achieved by Hess & Liidtke [1928], who showed that its physical pro¬ 
perties were similar to those of the mannan extracted from the ivory nut 
(Phytelephas macrocarpa ). 

The mannan associated with the cellulose of softwoods may be regarded as 
a cellulosan according to the nomenclature proposed by Hawley & Norman 
[1932], just as the xylan of hardwoods is so described. The xylan content of 
cellulose preparations is frequently determined in systems of analysis, so that a 
distinction may be drawm between "‘pentosans in cellulose” and “pentosans not 
in cellulose”, but much less attention has been given to the mannan of soft¬ 
woods. The purpose of the work described below therefore was to determine 
the distribution of the mannan in a few r species of softwood and to examine the 
conditions of removal of the mannan associated with the wood cellulose. 

Experimental. 

I. The detemnnation of mannan . 

All methods of determination of mannan are based on the precipitation of 
mannosephenylhydrazone in the cold, and some modification of the procedure 
described by Bertrand [1899] is usually employed, such as that of Schorger [1917], 
Briefly this consists of hydrolysing the wood by boiling for 3£ hours with 5 % 
HC1, neutralizing the extract, concentrating and precipitating the mannose by 
the addition of phenylhydrazine and acetic acid. Alternative methods involving 
extraction of mannan with alkali prior to hydrolysis have been shown to be 
inaccurate owing to incomplete extraction. It is not on record, however, that the 
quantitative aspects of the procedure recommended by Schorger [1917] have 
been studied, and in view of the fact that it is frequently necessary to determine 
mannose in low concentration this point was examined. 

( 2177 ) 
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It was first established that the mannose produced on hydrolysis is stable to 
the mineral acid employed. No apparent fall in reducing value oocurred when 
pure mannose was boiled with 5 % HC1 for periods up to 5 hours, the Shaffer- 
Somogyi micro-method being used. 

The yield of hydrazone from different concentrations of mannose precipitated 
with (a) phenylhydrazine and acetic acid, and (6) phenylhydrazine hydrochloride 
and sodium acetate has been investigated, and the effect of the presence of 
sodium chloride examined. Some of the data from these experiments are given in 
Table I. 


Table I. Precipitation of hydrazone, from different concentrations of mannose 
under varying conditions . 

Phenylhydrazine : sugar -- l : 10. Stand at room temperature. 


Cone, of 

Sodium 


Mannose 

mannose 

chloride 


recovered 

O' 

/o 

added %* 

Hours 

%t 

144 

12 

0 

93*4 

1-20 

12 

« 

92-4 

1-20 

— 

6 

91*8 

0-62 

9 

0 

92-4 

0*60 

— 

6 

81-5 

0-60 

— 

2 

090 

0-50 

12 

6 

900 

0-37 

10 

6 

80-0 

0*30 

— 

2 

51-9 

0-30 

— 

t» 

71-7 

0-30 

9 

6 

839 

015 

— 

o 

80 

015 

— 

0 

380 

0075 

_ 

4 

Nil 

0 075 

— 

6 

Nil 


10% phenylhydrazine hydrochloride* solution containing equivalent sodium acetate. 
10 ml. sugar solution used in oaclf caBe. 


Cone, of 
mannose 

O' 

'o 

ml. phenyl- 
hydrazine-HCl 
solution 

Hours 

Mannose 

recovered 

%t 

21 

5 

0 

940 

2*1 

10 

6 

95*4 

2*1 J 

5 

0 

Nil 

1*5 

5 

6 

94*7 

. 1-2 

5 

6 

95*3 

1*2 

5 

24 

94*9 

1*2 

5 

o$ 

91*7 

1*2 

5 

3 

93*2 

0*6f 

5 

6 

Nil 

0*5 

5 

6 

88*3 

0*38 

5 

6 

86*5 

0*28 

5 

4§ 

70*5 

0*28 

5 

4 

75*2 

0*13 

5 

6 

24*0 

006 

5 

6 

Nil 


* The significance of the concentration of NaCl added will appear later. The amounts roughly 
correspond to volume of 5% HOI selected for hydrolysis of mannan and final volume after con¬ 
centration. 

t Factor for calculation: hydrazone x 0*66 = mannose. 

j With addition of 0*9 g. NaCl=6% NaCl on final concentration. 

| Solution heated to 75° immediately after addition of phenylhydrazine hydrochloride, then 
cooled to room temperature. 
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Several important points emerge. Either with free phenylhydrazine or the 
hydrochloride the recovery of mannose is dependent on the initial concentration 
of sugar in the mixture and only approaches a quantitative figure when the 
mannose concentration is about 1 % or more. At very low concentration no 
precipitate forms. The time of standing must be longer than the 2 hours recom¬ 
mended by Schorger [1917], but fi hours appear to be sufficient if the mixture 
be frequently shaken. It has recently been claimed that, in low concentrations of 
mannose, it is necessary to allow 3 weeks for the precipitate to form [Nishida 
et al. 1936]. No advantage was gained by heating to 75° after addition of the 
phenylhydrazine, though the precipitated hydrazone appeared sooner. The effect 
of the presence of salt is difficult to understand. With phenylhydrazine in the 
proportions stated, the presence of salt increases the recovery of mannose so that 
the limit of mannose concentration for 90% recovery or better is lowered to 
0-5-0-G %. Using the hydrochloride, and under conditions in which the excess of 
phenylhydrazine is distinctly less, the addition of salt prevents the formation of 
any precipitate even on standing for 24 hours. 

In view of these findings, some of the figures given by Schorger [1917] for 
the total mannan content of wood cannot be considered reliable. If, as stated, 
only 10 g. of wood were used for hydrolysis, and the final precipitation was 
carried out in 150 ml., the recoveries of mannose must have been incomplete in 
many eases. 

The mannan content of pulps lias been determined by Klingstedt [1933], 
who avoided the difficulties brought about by low' concentrations by hydrolysing 
the pulp completely with 72% sulphuric acid, boiling after dilution and con¬ 
centrating to a syrup after removal of sulphuric acid. Even so the conditions of 
the final precipitation do not result in recoveries of mannose so nearly quan¬ 
titative as obtained in this work. 

There is, however, need for further investigation of the precipitation of 
mannose as the hydrazone in order to obtain a more sensitive method suitable for 
woods. It was hoped to employ the iodimetric titration devised by Ling and 
Nanji [I92IJ for the determination of small quantities of the hydrazone, but the 
incompleteness of the precipitation rendered this impossible. Substituted phenyl¬ 
hydrazine derivatives might prove more suitable in low concentration and will 
lx* tested. 

II. The distribution of mannan in ivood. 

The method adopted for the determination is as follows. 10-15 g. of finely 
ground wood, or 35-40 g. of wet w r ood cellulose, are boiled w r ith 100 or 150 ml., 
5 % HC1 under reflux condenser for 31 hours, the residue after filtration on cloth 
being thoroughly washed twice with about 300 ml. hot water. The combined 
extract and washings, after cooling, is neutralized with NaOH, made just acid 
with acetic acid and concentrated to about 25-30 ml. The concentrated solution 
is filtered into a small marked flask and the filter paper washed till the volume 
is made up to 50 ml. (or 75 ml. in some cases). After cooling 2-5-4 ml. phenyl¬ 
hydrazine and up to 5 ml. 50% acetic acid are added. The flask is elosed and 
allowed to stand for 6 hours at room temperature with constant shaking. The 
final volume is noted, the hydrazone is filtered off on a Gooch crucible, washed 
with about 50 ml. cold water followed by acetone, dried and weighed. Hydra¬ 
zone x 0*6=mannan or x 0-66=mannose. 

A bulky precipitate due to the salting out of phenylhydrazine acetate may 
form if too much acetic acid is used, and additional water may have to be added. 
A small amount of this precipitate has no influence on the hydrazone yield 
and is removed on washing with water. 
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In all determinations the results have been rejected if the final concentration 
of mannose in the solution from which the hydrazone was precipitated fell below 
0*5%, and further determinations were made employing larger quantities of 
wood or cellulose. The period of 3| hours’ hydrolysis has been based on Schorger’s 
observation and the knowledge that both encrusting hemicelluloses and cellu- 
losans are hydrolysed in that time. If small amounts of mannan remain un- 
hvdrolysed they cannot be detected by a second hydrolysis because they fall 
below the limits of quantitative precipitation. 5% H 2 S0 4 has been employed 
for hydrolysis and the acid subsequently removed with barium carbonate. This 
process, though very desirable, results in losses of mannose. 

To study the distribution of the mannan in wood, the total mannan and the 
mannan associated with the cellulose were separately determined (Table IT), the 
cellulose preparations and determinations being made by the procedure described 

Table II. Distribution of mannan in wood . 

•* Expressed on Expressed on Expressed on 

wood % cellulose % wood % 



f -■ 

-- . i 

. \ 

Mannan 

Xylan 

Mannan 

Xylan 

Mannan 


Total 

Cellu¬ 

in cellu¬ 

in cellu¬ 

in cellu¬ 

in cellu¬ 

not in 

Wood 

mannan* 

lose 

lose* 

lose 

lose 

lose 

cellulose 

Sitka spruce 
(Picea site hens is) 

6*02 

(0-89) 

61-87 

843 

(1453) 

5-05 

5*22 

3-12 

0-8 

Canadian spruce 
{Picea sp.) 

5* 75 
(0-98) 

63-72 

4-92 

(0-86) 

9*19 

3*13 

5-86 

2-6 

Douglas fir 

(PficvdotHuga taxi folia) 

7*00 

d-17) 

57-46 

10-14 

(1*72) 

5-54 

6-82 

3-18 

0-2 

Silver fir 
{Abies sp.) 

5-96 

(<Mi3) 

52-90 

7*01 

(0*931 

7-34 

3-70 

3-88 

2-3 

Pitch pine 
(Pi mis ep.) 

507 

(0-92) 

55-88 

7-01 

(1*21) 

8 30 

3*92 

4*64 

1-2 

Louisiana Gulf cypress 
(Taxodivm distichvm) 

2-97 

(0*55) 

50-55 

3-84 

(0*53) 

7*99 

1*94 

4-04 

1*0 

African pencil cedar 
(Juniperus procera) 

240 

(0*52) 

44-29 

4*05 

(0*65) 

11*03 

1-79 

4-89 

0-6 

Redwood 
{Sequoia sp.) 

2-62 

(0-72) 

49-08 

4-77 

(108) 

11*61 

2*34 

5-70 

0-3 


* Figures in brackets give the mean concentration of mannose in the final solutions from which 
the hydrazone was precipitated. 

by Norman & Jenkins [19331. All results are the average of two closely agreeing 
determinations.' In view of the fact that, as shown in Table 1, completely 
quantitative recovery of mannose is not obtained under the conditions of pre¬ 
cipitation employed, the figures must err slightly on the low side. The woods 
analysed may be taken as a representative group of softwoods. In all cases the 
major part of the mannan was found to be associated with the cellulose. The 
highest content occurred in Douglas fir, and in this wood, and in Redwood, 
virtually all the mannan was present as cellulosan. In the final column of Table II 
is given “mannan not in cellulose ”, obtained by difference. It is unlikely that 
this has any existence in fact as a true mannan, but is probably a constituent part 
of the encrusting hemicelluloses. As expected, no regularity was found in the 
proportions of mannan to xylan in the cellulose. The variation was very wide, 
from Douglas fir cellulose on the one hand, which contained nearly twice as much 
mannan fcs xylan, to African pencil cedar on the other, with matte than twioe as 
much xylan as mannan. The number of samples is insufficient to show whether 
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this may be a varietal difference, or influenced by age or tissue. Norman [1936,1] 
has shown that the amount of xylan associated with the cellulose of rye grass 
increases with the age of the tissue. If there is any degree of constancy in the 
mannan/xylan ratio for particular species, this might prove a useful method of 
identification in certain cases. The collulosan content of these softwood celluloses, 
as judged by the mannan and xylan contents combined (12-16%), is notably 
lower than that of hardwood celluloses in which it is often over 20%. This 
fact is of course represented in another way in the higher a-cellulose content of 
the softwood celluloses. 

III. Hydrolysis and extraction of mannan from softwood cellulose. 

The hydrolysis of wood with dilute mineral acids has been extensively studied, 
but few investigators have examined the behaviour of isolated celluloses. Hawley 
& Fleck [1927] reported that all the mannan and xylan could be easily removed 
from spruce cellulose by the action of dilute acid. 

The purpose of the experiments described l>elow was to study the relative 
behaviour of mannan and xylan to hydrolytic and extracting agents, since this 
has an important bearing on the form of association of the cclluiosan with the 
true cellulose component of the wood cellulose. The wood employed was Silver 
fir, w hich seemed particularly suitable for this purpose' inasmuch as the mannan 
and xylan contents of the cellulose are almost identical. 

A large preparation of cellulose was made from this wood, and in view of 
the observation that drying may change the relationship between cellulose 
and cclluiosan [Norman. 1936, 2], all treatments were carried out on the wet 
cellulose. The losses resulting from the different treatments were determined on 
small samples of cellulose under the same conditions as used for the larger 
amounts needed for mannan determination. The residues from these smaller 
quantitative experiments were later utilized for the determination of xylan 
by furfuraldehyde yield. In the ease of the experiments on acid hydrolysis 
mannan was determined on the extract or the residue', whichever provided the 
highest concentration. It proved difficult to select such amounts as would keep 
the concentration above the limits necessary for maximum recovery. The results 
of hydrolysis with dilute acid are given in Table III. 

Table 111. Hydrolysis of Silver fir ccllutost with boiling dilute HCl. 

Mannan in cellulose 7*01 ° w . Xylan in cellulose 


Results expressed as 

° 0 of oven-dry 

cellulose. 


Treatment 

Residue 

Mannan in 
residue* 

Xylan in 
residue 

Hexosan 

removed 

3% HCl 1 hour 

84-91 

4-10 (0-74) 

4-78 

908 

3% HCl 3 hours 

77-45 

2-78 (0-44) 

2-93 

13-91 

1%HC1I hour 

90-09 

5-29 (0-75) 

5-10 

fi-01 

1 0 o HCl 3 hours 

8H-40 

3*76 (042) 

4-78 

7-79 

0*25% HCl 1 hour 

94-94 

<H32 (0-83) 

5-84 

3-17 

0*25% HCl 3 hours 

91-74 

5-47 (0*(>7) 

5-04 

4-42 


* Figures in brackets give the mean concentration of mannose in t he final solutions from which 
the hydrazone was precipitated. 

The removal of both mannan and xylan was far from complete even after 
boiling with 3 % acid for 3 hours. The mannan and xylan showed little difference 
in behaviour excepting perhaps to the lowest concentration, 0*25%, towards 
which the x ylan appeared to be more susceptible than the mannan. Attention is 
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drawn again to the last column of the table in which the amount of material 
removed which is not mannan or xylan, but presumably glucosan, is recorded. 
In every case this is greater than the combined loss of mannan and xylan. 

Interesting differences in behaviour of the xylan and mannan were shown in 
cellulose exposed to cold and hot alkali (Table IV). The mannan appears to be 

Table IV. Treatment of Silver fir cellulose with NaOH both hot and cold . 
Mannan in cellulose, 7*01%. Xylan in cellulose, 7*84%. 


Results expressed as % 

of oven-dry cellulose. 



Treatment 

Residue 

Mannan in 
residue* 

Xylan in 
residue 

Hexosan 

removed 

4% NaOH 2 hours (room temp.) 

1 % NaOH 2 hours (room temp.) 

92*07 

5*50 (0*90) 

3*30 

2*24 

88*02 

6*71 (0*94) 

6-67 

101 

4% NaOH 20 min. (boiling) 

85-43 

2*30 (0-52) 

4*06 

7*48 

1 % NaOH 20 min. (boiling) 

89*86 

2*82 (0*56) 

6*90 

5*51 


* Figures in brackets give the mean concentration of mannose in the final solutions from which 
the hydrazone was precipitated. 


more resistant to extraction than xylan when cold alkali is employed, but dis¬ 
tinctly less resistant to hot alkali. 1% NaOH at the boil for 20min. removed 60% 
of the mannose and only 6% of the xylan whereas cold 4% NaOH extracted 
about 65% of the xylan as against 21% of the mannan. The significance of 
these differences is not apparent but is worthy of more extended study. In the 
preparation of mannan from cellulose the use of hot 1 % NaOH for a short time 
would result in a purer extract than would be obtained with a higher concen¬ 
tration. The results are, of course, insufficient for generalization, but suggest 
that the stabilities of mannan and xylan are of the same order and the forms of 
association with the cellulose of a similar type. 

Summary. 

1. The precipitation of mannose as the phenvlhydrazone is not quantitative 
at very low concentrations. Almost complete recovery may be obtained if a 
certain minimum concentration is exceeded. Salt may aid precipitation if a large 
excess of phenylhydrazine is present. 

2. Conditions suitable for the determination of mannan in woods and wood 
cellulose are described. 

3. The major part of the mannan in softwoods is associated with the cellulose. 
Considerable variation is found in the proportion of mannan to xylan occurring 
in the cellulose. 

4. Mannan may be removed from cellulose by dilute acid hydrolysis under 
conditions similar to those in which the xylan is extracted. At the same time 
there is a considerable loss of hexosan. The mannan and xylan are affected to 
different extents on treatment of the wood cellulose with alkali. 

The author is indebted to Sir John Russell for providing facilities for this 
research at the Rothamsted Experimental Station, to the “Foundation of 
National Culture” (Fundusz Kultury Narodowej) of Poland for the grant of a 
fellowship, and to the Director of the Forest Products Laboratory, Princes 
Risborough, Bucks, for supplying the samples of wood employed. 

The author wishes to express her thanks to Dr A. G. Norman, for suggesting 
this investigation and for his direction and help. 
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(Received 31 October 1936.) 

Aerobically, Staphylococcus aureus has been grown [Fildes et al. 1936] on a 
mixture of nutrients of which only one component was unknown [Knight, 1935]. 
This medium would not however permit anaerobic growth. For growth anae¬ 
robically, it was necessary to add pyruvic acid and a second unknown substance 
(Factor III, Fildes et al. [1936]). By a process of fractionation, confirmed by 
synthesis, this substance is now identified as uracil. 


Experimental. 

The general bacteriological technique is described elsewhere [Fildes et al. 
1936], Any details omitted here may be found in that paper. 

Conditions of test. 

The object of early work was the isolation of the unknown substance from 
crude marmite. In consequence the bacterial test was designed, at first, to show 
the distribution of activity after a given chemical fractionation. The fractions 
obtained were tested by addition to the standard medium in serial five-fold dilu¬ 
tions; dilutions giving comparable growths in 20-24 hours were considered to 
have similar contents of active material. In this way the result of any fractiona¬ 
tion could be estimated. For later work on the inherent activity of purines, 
pyrimidines and other cyclic nitrogenous compounds, however, experiments 
had to be of longer duration. It soon became obvious that traces of growth 
might occur after a delay of 3 days without addition of any active substance. 
The reason for this has not yet been fully determined, but it was possibly due in 
part to a failure in anaerobic technique. 

Anaerobic technique. With Staph . aureus growing anaerobically, oxygen 
is an impurity of which the merest trace may vitiate an experiment. The 
organism, without uracil, is under a restriction which it may escape if air 
is present. There is, in consequence, an extreme sensitiveness to traces of 
oxygen. To ensure uniformity of atmosphere in any one experiment, use was 
made of the McIntosh and Fildes anaerobic jar. For each filling, however, it 
was thrice exhausted on a Geryk pump and refilled with hydrogen -f- 5 % C() 2 
[Gladstone et al. 1935] before warming the platinized asbestos capsule. Oc¬ 
casionally, separate platinized asbestos mats were also added. If an experiment 
was to continue after the first reading, opacities were estimated and the tubes 
returned to anaerobic conditions as quickly as possible; any subsequent growth 
was always regarded with some suspicion. For the more exacting work, an 
experiment in its early stages was observed through the jar without opening it. 

1 Leverhulme Trust Fellow. 
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Nevertheless, these procedures could not be wholly relied on to eliminate 
traces of visible growth from the control. Since the atmosphere of the jar 
seemed free from oxygen according to indicators, it was concluded that oxygen 
might be dissolved in (or combined with) the medium itself. A small amount of 
O/R dye was therefore added to the medium; since the latter already contained 
a ferrous salt, the reduction of dye which was apparent in a few hours was con¬ 
sidered to indicate the removal of oxygen. This procedure resulted in controls 
which were more nearly satisfactory. Nevertheless, the slight, delayed growths 
without uracil did not seem wholly attributable to the presence of oxygen. This 
matter will be referred to again. 

Medium. The medium is described elsewhere [Fildes et al. 1936]. Its organic 
components were: amino-acids, glucose, pyruvic acid, an organic sulphur com¬ 
pound and the factor described by Knight [1935]. The organic sulphur compound 
was specified as dithiodiglycollie acid but in most of this work thiolacetic acid 
was used. As stock solution, a Mj 10 solution in M HC1 was autoclaved and was 
stable for weeks. 0-2 ml. was added per tube together with 0*25 ml. M NaOH, 
making the concentration of —SH in the experiment M/500. Comparative tests 
have not shown any difference in the effect of uracil whether in the presence 
of —SH. or —-SS—. Mi 250,000 indigotetrasulphonate was used as indicator 
regulating the oxygen effect, on account of its lack of toxicity in immersion 
experiments [Chambers et al. 1931]. 

Prcjmration of test samples. Fractions for test were freed from any toxic 
materials used in fractionation, adjusted roughly to pH 7-6, brought to a dilution 
equivalent to a 1 % solution of the original crude marmite, autoclaved and 
tested in fivefold serial dilutions. 

Distribution of accessory substance . 

Of raw materials tested, crude marmite was active at highest dilution in per¬ 
mitting growth. ‘‘ Bacto peptone ” and aqueous extracts of liver and malt showed 
moderate activity, whilst minced meat and pea extracts, and caseinogen, gelatin, 
egg albumin and edestin hydrolysates showed little or none. It is now seen that 
this distribution coincides with the probable distribution of nucleic acid and 
similar substances in the crude extracts. 

Chemical behaviour of accessory substance from crude marmite. 

As present in crude marmite, the substance was stable to autoclaving and to 
3A T (8 vol. %) either at 130° for 3 hours or during 18 hours’ boiling. Its 

activity, in fact, was enhanced bv acid hydrolysis. It was incompletely destroyed 
by 18 hours' boiling with 3 N NaOH or Ba(OH) 2 . It was stable to heating at 
200° for 5 min. but was partially destroyed at 250° in 15 min. It was not dis¬ 
tillable in a high vacuum at the latter temperature. 

It was not extractable by ether from aqueous solution at any pH and only 
with difficulty by w-propyl and n-butyl alcohols. The latter extraction proceeded 
better (on hydrolysed marmite) at pH 1 or 6 than at pH 10, and six extractions 
under the former conditions removed about half the activity. Continuous 
extraction by the Dakin method proceeded rather slowly. An attempt to utilize 
the apparent weakly acidic properties of the substance in order to transfer it 
from aqueous marmite to N NagCOg solution by continuous rocking under a layer 
of butyl alcohol was only moderately successful. It was however possible, by 
shaking with equal volumes of aniline and alcohol, to extract 40 % of the activity 
in one shaking into the aniline-alcohol layer. From dry 44 Bacto peptone”, the 
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activity could be partially removed by continuous extraction with absolute 
alcohol for 12 hours. Progressive addition of alcohol to strong solutions of 
hydrolysed or unhydrolysed marmite produced merely a progressive precipitation 
of activity. 

The active material was not significantly precipitated by Ba(OH) 2 , lead 
acetate (at pH 6) or basic lead acetate (at pH 74, Britton & Meek [1932]). It 
was partially precipitated by Ba(OH) 2 followed by 75% alcohol. It was not 
notably adsorbed upon fuller’s earth, alumina, kieselguhr or frankonite at pH 6, 
or upon norite at any pH. It was partially precipitated by phosphotungstic 
acid in 5 % HgS0 4 . It was not precipitated by mercuric acetate or chloride in 
aqueous or 50% alcoholic solution, or bv the sulphate in 5% H 2 S0 4 . It was, 
however, precipitated by acid HgS0 4 in 66% alcohol, by HgCl 2 in absolute 
alcohol and by Neuberg’s mercuric acetate-sodium carbonate reagent for amino- 
acids. 

At this stage therefore the possibility of distinguishing between the active 
material and those amino-acids which comprise about 40 % of the crude marmite 
seemed quite remote. Indeed, it seemed feasible, in view of the acknowledged 
importance of amino-acids in the nutrition of bacteria [Knight, 1936] that we 
were dealing with some uncommon amino-acid not present in proteins. In 
opposition to this view, the activity was not destroyed by nitrous acid; but the 
product of such treatment might easily have had similar biological activity. 

Preparation of active concentrates from crude marmite . 

There were then two methods which might give a practical separation of the 
active material from the bulk of the amino-acids: precipitation by acid HgS0 4 in 
66% alcohol and serial extraction by aniline-alcohol. Owing to the difficulty 
of maintaining the right proportions in an extraction by a ternary liquid mixture, 
the former method was selected. 

A strong solution (dry weight 50%) of marmite was precipitated with 3 vol. 
absolute alcohol and left overnight at 0°. The cleat supernatant liquor, though of 
considerably diminished activity, was in a more workable condition. It was 
treated with 25% HgS0 4 in 10% (by vol.) until the curdy precipitate 

gave place to a somewhat granular one, and filtered. The precipitate was sus¬ 
pended in water, freed from Hg++ and S0 4 “, and concentrated. It was then 
brought to pfl 4 and fractionated by the AgN0 3 -Ba(0H) 2 method for imino- 
compounds. The active material was in the pyrimidine-glyoxaline fraction. 

The medium already contained histidine, and it was soon demonstrated that 
thiolhistidine also had no effect. The naturally occurring pyrimidines and 
purines were therefore submitted to test. 

Preparation from yeast nucleic acid . 

Commercial preparations of yeast nucleic acid and of cytidylic acid both 
contained much active material, the activity being enhanced on acid hydrolysis 
in the usual way. By fractionation of the acid-hydrolysed nucleic acid with 
AgN0 3 -Ba(0H) 2 , the active material was again obtained in the pyrimidine 
fraction. Treatment of the latter with picric acid left the bulk of the activity in 
the uracil fraction. On the other hand, both picrates and flavianates from the 
pyrimidine fraction (which presumably contained traces of guanine, adenine 
and hydrolytic products therefrom, in addition to cytosine), ^owed quite appre¬ 
ciable activities. Likewise, a commercial guanine preparation showed some 
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activity, though an adenine preparation had none. It was clear that a final 
decision on the relative importance of various cyclic compounds of this type 
could only be reached by using synthetic materials. 

Uracil as the active substance. 

In Table I are shown the effects of selected pyrimidines, purines and other 
cyclic nitrogenous compounds, mostly synthetic materials, on the strictly 
anaerobic growth of Staph, aureus. Clearly, only uracil is fully active in per¬ 
mitting anaerobic growth. If the other compounds can be utilized (and it is 


Table 1 . Effect of uracil and related substances on the anaerobic growth of 
Staph, aureus on the, basal medium . 

Growth after 


Compound 

Constitution t - 

(enolic tautomcridc) 24 hr. 

44 hr. 

08 hr. 

Control 

_ 

ot 

0 

0 

Control 

— 

0 

0 

0 

Control 

— 

0 

0 

0 

Vracil * J/20,000 

2:0-I)ihydro\ypyriniidinc 

+ ■+■ 

+ v + , 

- + + + 

.1//100,000 

tr. 

-i- + 

4- f 

<- 

i- + 

.v//r»oo,ooo 

,, 

V 

T 

J/l 2,500,000 


0 

• ^ 

+ 

Thymine,* Jf/20,000 

5-Mcthy luracil 

0 

0 

tr. 

J//I00,000 

0 

0 

9 

4-Met hy luracil,* Jf/2<>,000 

4-Mot by luracil 

0 

1 0 

+ 

1:3-Dimethyluraeil,* M 20,000 

i:3-l>iraethylur&cil 

0 

' 0 

tr. 

1:3:4-TrimefcliyluraciI,* .1/ 20,000 

l :3:4-Trimethy luracil 

0 

t 0 

tr. 

Thiothvmme,* Jf/20,000 
Barbituric acid, Jf/20,000 

2-Thio-S-methy luracil 

0 

i o 

tr. 

4-Hydroxyuraeil 

0 

' 0 

tr. 

Barbituric, A/720,000 

(3:5- Diethy Ibar bit uric acid) 

0 

I 0 

- 

Xanthine, M/20.000 

2:0- Dihy droxy purine 

0 

! 0 

f 

Theobromine, Jf/20,000 

3:7-Dimet hvlxaut bine 

0 

1 0 

tr. 

Uric acid, Jf/20,000 

2:0:8 -Tri hydroxypuri nc 

0 

! 0 

tr. 

Guanidine HCI, Jf/20,000 

0 

i 0 

+ 

Urea, Jf/20,000 


u 

i 0 

tr. 

Control 


0 

1 0 

? 

Cytosine,* Jf/20,000 

Pyrimidine and purine base*,. 
2-Hydroxy-O-aminopyrimidinc 

0 

0 

L tr. 

/aoCytosine,* Jf/20,000 

O-Hydrox'y-2-ammopyrimidinc 

0 

0 

0 

Guanine,* Jf/20,000 

O-Hydroxy-2-aminopurine 

0 

0 

tr. 

Adenine, Jf/20,0(K) 

O-Ammopurine 

) 

0 

0 

0 

4 Bases as above, Jf/20,000 (each 

0 

+ 

+ + 

4 Bases with uracil, Jf/20,000 (each) 

■4* + 

4 - + + i 

+ + + 

Vitamin Bj, Jf/17,000 

Derivative of 0-aminopyn- 
midine 

0 

0 

- 

Other cyclic nitrogenous compounds. 

Thiolhistidine,* Jf/2000 

0 



Hydantoin,* Jf/20,000 

AUantoin, Jf/20,000 


0 

0 

0 

0 

« 

? 

Creatinine, Jf/20,000 


0 

0 

j 


* Substance of known synthetic origin. 

f + + + -maximum growth, other plus signs roughly proportional, tr. =just visible opacity. 
?= dubious opacity in comparison ■with 0 (none). - -not observed. 

$ as jar opened. Tubes returned to anaerobic conditions before O/R indicator was visibly 
coloured. 

unwise, even with controls, to draw conclusions from delayed growths which 
have been exposed to air) the organism is considerably inconvenienced in using 
them. It is possible that the evidence of summation in the utilization of the four 
bases has significance, but even there, the organism is severely limited by its lack 
of uracil. 
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Uracil was synthesized by the method of Davidson & Baudisch [1926], simplified by dissolving 
the malic acid and urea (1 part of each) in 2 parts warm cone. H 2 S0 4 before adding 8 parts of 
fuming H 8 S0 4 (20% S0 8 ). Yields were comparable (53%). (Found: N (micro-Kjcldahl with 
selenate catalyst and added glucose), 24*9%. C 4 H 4 () 2 N T 2 requires 25*0%.) 

Cytosine and iso cytosine were synthesized from uracil by the methods of Hilbert et ah [1935J. 
(Cytosine. Found: N, 32 4%. C 4 H fi 0N„.H 2 0 requires 32*6%. /socytoaine (known to be con¬ 
taminated with cytosine). Found: N, 36-4%. C 4 H 5 ON 8 requires 37-8%.) 

Guanine was synthesized from guanidine thiocyanate and ethyl cyanoacetate by the method 
of Traube & Dudley [1913]. (Guanine. Found: N, 46*0%. C 6 H 6 ON 5 requires 46-4%.) 

Thymine was synthesized from thiourea and ethyl a-formyl propionate by the method of 
Wheeler & MacFarland [1910]. To minimize the possibility of final contamination by uracil, the 
dry ethyl propionate in the initial stage was fractionated and the first half of the distillate dis¬ 
carded. The 2-thiothymino formed in the intermediate stage was recrvstallized from water. 
(Found: N, 21*9 %. C ft H 6 0 2 N 2 requires 22*2 %.) 

Hydantoin , 2-thiolhistidive, and the methylated uracils were syuthotic materials kindly supplied 
by Prof. C. It. Harington and Dr H. R. Ing. 

Vitamin B 1 was a crystalline preparation for which we art* indebted to Prof. R. A. Peters. 

Synthesis of active substance by Staph, aureus growing aerobically. 

60 ml. of a 3-day aerobic culture of Staph, aureus on the aerobic medium 
without uracil [Fildes et al 1936] were centrifuged, and the supernatant liquor 
decanted for test for active substance after sterilization by filtration. The 
bacterial matter was mildly hydrolysed by boiling for 90 min. with M HCI, 
neutralized, diluted to 30 ml. and also tested for active substance (Table II). 

Table II. Synthesis of active, substance by Staph, aureus growing aerobically. 

Growth in 3 days 


Control 0 

Control 0 

Filtrate (diluted 1/10) + 

Filtrate (diluted 1/50) 0 

Hydrolysed bacteria (equivalent dilution 1/5) + + 

Hydrolysed bacteria (equivalent dilution 1/25) 

Hydrolysed bacteria (equivalent dilution 1/125) 0 

Control (Af/20,000 uracil) + + + 


Clearly, a substance having the growth-promoting properties of uracil is syn¬ 
thesized by Staph, aureus aerobically. Chemical identification of the uracil, 
however, must be deferred until the amino-acid nutrition of the organism has 
been adequately studied and simplified. 

The synthesis of active substance thus demonstrated under aerobic conditions 
may have some bearing upon the delayed growths without uracil under anaerobic 
conditions which have been referred to above. It is obvious in Table I that 
growth of Staph . aureus without uracil was in no way comparable with its growth 
with uracil. If this need for added uracil is due to failure to synthesize it, the 
failure need not, of course, be absolute. In this event, traces of growth without 
uracil might reasonably be expected. 

Synthesis of active substance is also accomplished by Bad. typhosum growing 
aerobically on ammonium lactate medium. Indeed, the general phenomenon 
seems comparable with that, for instance, of the metabolism of tryptophan. 
This amino-acid is synthesized by those bacteria which by nature or training can 
grow without a supply of this important nutrient [Fildes & Knight, 1033], 
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Discussion. 

It has been pointed out elsewhere [Fildes & Richardson, 1935] that the 
criterion of indispensability adopted for work on bacterial nutrition differs in 
kind from that adopted in animal nutrition. In studying the growth of our small 
inoculum (dry weight about 4x 10" 6 mg.) we arc dealing with a successful pro¬ 
pagation through many generations and an increase of weight of about a million¬ 
fold. Any substance which is a limiting factor in this propagation is therefore 
probably of deep significance to cellular nutrition in general. 

Uracil is interesting, therefore, not alone in relation to the growth of Staph, 
aureus growing anaerobically. It is synthesized in the aerobic growth of both 
Staph . aureus and Bad. typhosum (the only other organism tested), and may be 
presumed to have an important function in bacterial metabolism in general. 
It would be premature to speculate what this may be. One may note, however, 
that although adenylpyrophosphate and eozymase (two adenine nucleotides) are 
both eoenzymes active in various phases of hexose metabolism, no function has 
yet lx>en assigned to other nucleotides. It is possible that a nucleotide derived 
from uracil exerts an effect in the metabolism of Staph, aureus which no de¬ 
rivative of adenine, or like substances can exert. 

The discovery that this anaerobic growth substance is actually uracil, more¬ 
over, suggests that uracil has a wide distribution in nature. This view contrasts 
with the older supposition that uracil is not a component of animal tissues, 
though characteristic of plants. It also confirms the argument of Levene |T926] 
that uracil is indeed a primary constituent of tissues and not a product of the 
deamination of cytosine bv the process of isolation | Jones & Perkins, 1925]. 
Uracil (or its derivatives) will probably be found widely distributed in bacteria. 
It is present in beer yeasts and is a primary component of at least the liver of 
certain mammals. 

Of course this argument rests on the presumed specificity of the bacterial 
test for uracil. As far as we have been able to show, this test is at least as specific 
as the more common colour reactions. It is, moreover, highly sensitive (Table 1) 
and, we consider, is a valuable micro-test for uracil where none has been pre¬ 
viously available. 

Summary. 

Anaerobic growth of Staph, aureus upon a mixed amino-acid medium con¬ 
taining pyruvic acid and other necessary nutrients [Fildes et al. 1938] was only 
possible, under the conditions of test, upon addition of uracil (2:(5-dihydroxy- 
pyrimidine). Of twenty-one related compounds which were tested, none had a 
eomparable effect in permitting growth. The significance of this to the distri¬ 
bution and function of uracil in nature is briefly discussed. 

I am greatly indebted to Dr P. Fildes for his active help and advice through¬ 
out this work, and to the other members of this department for assistance at all 
stages. I wish to thank the Marmite Food Extract Co., Ltd., for generous supplies 
of crude marmite and Dr O. Rosenheim for some specimens of natural bases. 
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iVote added 30 November 1936. Preliminary tests with 5 further strains of 
Staph, aureus confirm that the basal medium was adequate for aerobic, but not 
for anaerobic, growth. Anaerobically, addition of uracil permitted growth of 
3 strains, whilst hydrolysed nucleic acid was required for the remaining 2 strains. 
Of the latter, the only one tested depended upon guanine and uracil for good 
growth. The species in general seems, therefore, to need various constituents of 
nucleic acid according as its synthetic powers are limited by the conditions of 
anaerobic growth. 
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(Received 19 August 1936.) 

Introduction. 

The work described here is the result of an attempt to devise for class purposes 
a method of estimating carbonic anhydrase which does not involve the use of 
special apparatus as in the boat method of Mcldrum & Houghton [1933]. It is 
a modification of the colorimetric method of Brinkman [1933], who mixed 
solutions of C0 2 and NaH00 3 plus phenol red and measiited the time required 
for the colour change. 

In our method the NaHC0 3 is replaced by Na 2 C0 3 (plus a little NaHOO,). 
The reaction begins at pH about 10*5, in the middle of the NaHC0 3 -Na 2 C0 3 
buffer range, and the end-point is taken at pH 7*0, using bromothymol blue as an 
indicator. The reaction therefore begins slowly in the well-buffered part of the 
titration curve and ends on the steep part of the curve, thus producing a rapid 
and very sharp end-point. The net reaction is approximately: 

co 2 +ay+ h 2 o -2hco 3 \ 

The chief merit of the changes introduced is probably the dramatic sudden¬ 
ness of the end-point, which not ortly permits great accuracy of timing but also 
is an asset for class purposes. The method gives good results for moderately 
purified enzyme preparations, but for other cases (notably for enzyme estimations 
in tissue extracts) it has certain drawbacks which make it compare unfavourably 
with the boat method. These are: 

(а) The detailed mechanism of the reaction alters during its course, owing to 
the pH change. 

(б) The choice of ionic strength of the solutions used is restricted by several 
practical considerations. 

(c) The reaction time can be shown theoretically to be rather sensitive to 
extraneous buffering in the pH region 7-9. 

(d) Haemoglobin has a curious effect on the calibration curve which is 
described below. 

From the research point of view therefore the applicability of the method 
is probably limited to routine estimations under fairly constant conditions, or to 
problems involving purified enzyme preparations. For these however the 
rapidity (15 estimations per hour) and ease of manipulation will be found advan¬ 
tageous. 

Experimental. 

Solutions . (a) Na^CCy 0-3 M solution, containing 0*206 M NaHCO a . The 
latter was added to keep the reaction from becoming too alkaline since carbonic 
anhydrase is only stable from pH 4 to 11. This solution was prepared from a 
solution saturated with NaaC0 3 and NaHC0 3 at room temperature by diluting 
to 27*3 parts in 100. The carbonate was estimated by titration with HC1 to 
pH 8-3, running in the HC1 under the surface with rapid stirring, to avoid loss of 

( 2191 ) 
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C0 2 , and waiting about 30 sec. after each addition. The bicarbonate was 
estimated by titrating to pH 4-0 and subtracting twice the carbonate. The 
indicators used were cresol red and bromophenol blue respectively. 

(b) C0 2 . A 0-00263 il/ solution of NaHC0 3 was saturated with C0 2 by 
bubbling from a cylinder. The NaHC0 3 was added to keep the initial reaction 
from being too acid and destroying the enzyme. 

(c) Enzyme. A crude preparation, made from pig corpuscles by the CHC1 3 
method, was used, diluted 1/50. (This preparation was kindly supplied bv 
Mr V. H. Booth.) 

(d) Indicator. Bromothymol blue. 

Apparatus. 

Pig. 1 shows the final set-up. Most of the accessories are unnecessary for 
rough work. 



Fig. 1. Diagram of apparatus. A , reservoir of (?O t solution; Buehner flask. B, pressure regulator 
(bubbling from bottom of wide tube). (\ fine capillary, about 5-5 cm. long. /), reaction vessel; 
pyrex boiling-tube 2*5 cm. diameter. E, vessel for colour standard. F, CO e bubbling tube. 
O, clip for obtaining C0 2 solution from reservoir. H, gas bubbler to stir the ice and water sur¬ 
rounding the reaction vessel (air or any gas will do). The flask A, tubes J) and E, the reagents 
and clean reaction tubes arc all kept in ice and water. 

Procedure. 

x ml. enzyme and 11 — x ml. C0 2 solution are measured with pipettes into 
the cooled reaction tube. (The C0 2 solution is run from G into a test-tube and 
then measured accurately with a pipette.) Ten drops of indicator and one drop 
of octyl alcohol (to prevent frothing) are added and C0 2 is bubbled through. 
After 2 min. 1 ml. of Na 2 C0 3 is blown in from a graduated pipette and the time 
is measured for the colour to change from blue to a yellow-green, C0 2 is bubbled 
the whole time. The end-point is judged by matching the colour with the standard 
tube which contains phosphate buffer at pH 7*0 and the same indicator. With 
reaction times below 30 sec. the end-point is so sharp that exact matching is 
out of the question. 

Precautions. 

The 2 min. of preliminary bubbling are to ensure saturation with d0 2 and 
to allow temperature equilibrium to be reached. If the surrounding ice and water 
are kept well stirred this is quite long enough. 

It was found that the reaction time was affected by the rate of bubbling of 
C0 2 during the reaction. This was due to 

(а) the effect on the rate of the initial mixing, 

(б) the fact that C0 2 continues to dissolve during the reaction to replace that 
which is used up. 
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The two factors concerned were the rate of flow of C0 2 and the nature of the 
bubbling tube F. 

The rate of flow was standardized by introducing the pressure regulator B 
and the capillary C. We finally decided to define the conditions as follows: 

Bubbler: length 19 cm.: cross-section 4*54>*5 sq. mm. 

Rate of flow: 70-90 ml. in 15 sec. 

This gives a reaction time nearly as short as that obtained with much larger 
rates of flow. The rate of flow is adjusted by (a) the length and bore of the 
capillary C, and (6) the head of water in the pressure regulator B, 

It was found that, within these limits, variations in the above conditions 
caused less than 5 % systematic error, since the total error, both random and 
systematic, was never more than 5 %. 

Definition of unit. If the reciprocal of the reaction time is plotted against the 
amount of enzyme the result is a straight line within the useful range (time: 
11-40 sec.). Thus the number of enzyme units in a solution giving a reaction 
time t is K {l 0 jt— 1), where t f} is the reaction time of the blank (54 sec.) and K is 
a constant equal to 17*7. The value of K was found empirically by comparing 
our measurements with data kindly obtained for us by Mr V. H. Booth on the 
same preparation by means of the boat method. 

If the purified enzyme is replaced by haemoglobin or defibrinated blood the 
calibration curve is shifted along the concentration axis, with a small non-linear 
region near the origin. Corrections for this can Ije made, but it is better not to 
attempt absolute measurements in the presence of haemoglobin. 

Summary. 

A modified colorimetric estimation of carbonic anhydrase is described, 
capable of 15 estimations per hour, with an accuracy of about 5% over a two¬ 
fold range of enzyme concentration. 

The method requires no special apparatus and has, so far, been tested on 
moderately purified enzyme preparations and on haemoglobin solutions. In 
other cases further controls would be necessary. 

We are grateful to Prof. R. A. Peters for his interest in this work. 
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CCCVII. STUDIES IN THE BIOCHEMISTRY 
OF MICRO-ORGANISMS. 

LII. ISOLATION, PROPERTIES AND CONSTITUTION 
OF TERRESTRIC ACID (ETHYLCAROLIC ACID), 

A METABOLIC PRODUCT OF PENICILLIUM 
TERRESTRE JENSEN. 

By JOHN HOWARD BIRKTNSHAW and HAROLD RAISTRICK. 

From the Division of Biochemistry , London School of Hygiene and Tropical 
Medicine , University of London. 

(Received 23 October 1936.) 

In an attempt to identify certain strains of PeniciUinm isolated from New 
Zealand cheddar cheese and received under the label of P. puhernlum Rainier, 
Birkinshaw & Raistrick [1936] were led to examine biochemically certain strains 
in the P. terrestre Jensen series. These moulds, with the exception of one strain, 
when grown on a Raulin-Thom glucose medium, produced in fair quantity a 
hitherto undescribed metabolic* product for which the name terrestric acid is 
proposed. 

Terrestric acid, C n H 14 0 4 , is a colourless, crystalline acid showing many 
resemblances in properties to the substituted tetronic acids obtained by 
Clutterbuck et ah [1934] from P . Charlesii G. Smith, and in particular to carolic 
acid. This similarity is evident in the following r6sum6 of the properties of 
terrestric acid. 

1. It gives an orange colour with aqueous ferric chloride, indistinguishable 
from that given by carolic acid, and with sodium nitrite it yields on standing a 
violet colour, a test which is indicative of the tetronic* acid group. Like carolic 
acid it is extremely soluble in CHC1 3 . 

2. It is dextrorotatory and the molecule shows no active hydrogen in anisole 
but yields one atom in pyridine, although titrating sharply in water as a 
monobasic acid. 

3. On bromination in 50% aqueous acetic acid it gives d-bromomethyl- 
tetronic acid identical with that obtained from carolic acid under similar 
conditions. 

4. On acid hydrolysis it yields carbon dioxide and aoetoin, but the other 
product is not butyrolactone as obtained from carolic acid but a I-hexanolactone. 
On oxidation with nitric acid this lactone yields succinic acid and on heating 
with hydriodic acid it is racemized and is then identical with n-hexanolactono 
obtained by synthesis. Part of the lactone is reduced by the hydriodic acid 
yielding n-hexanoic add. It is clear therefore that the lactone obtained on 
hydrolysis is the Z-isomeride of w-hexanolactone, which so far as we are aware 
has not hitherto been obtained in optically active form. 

It thus appears that terrestric acid hydrate must have the constitution 
of a-(Z-y-hydroxy.n-hexanoyl)4-y-methyltetronic acid (I), whilst the anhydrous 
form by analogy with carolic acid [Clutterbuck et al. 1936] will be represented 
by structure EL These forms differ from the corresponding forms of carolic 

( 2194 ) 
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acid (III and IV) only in the replacement of the y-hydroxybutyryl residue by the 
Z-y-hydroxy-w-hoxanoyl residue. Terrestrie acid may therefore be regarded as 
ethylcarolic acid, the ethyl group replacing a hydrogen atom of carolic acid in 
such a manner that another centre of asymmetry is created in the molecule. 
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Cultures. 


The following strains in the P. ter rest re Jensen series were examined: 

(а) L.S.H.T.M. Cat. No. Ad 4. Received via Cambridge labelled P. glaucum 
(cake) and distributed originally by the British National Collection of Type 
Cultures under the name of P. glaucum Link, Cat. No. 7B3. Isolated from 
mouldy cake in 1920. 

(б) L.S.H.T.M. Cat. No. Ad 8. Isolated by J. H. V. Charles as a bench 
contamination at Ardeer in 1922. 

(c) L.S.H.T.M. Cat. No. Ad 9. Isolated by J. H. V. Charles from cheese at 
Ardeer in 1922. 

(d) L.S.H.T.M. (’at. No. Ad 18. Isolated by J. H. V. Charles from milk at 
Ardeer in 1923-4. 

All these cultures were identified by Dr Charles Thom [Birkinshaw et ah 1931] 
as strains in the P. terrestre Jensen series. 


Cultural conditions. 

The culture medium used throughout was a Raulin-Thom medium of the 
following composition: glucose, 75 g.; tartaric acid, 4g.; ammonium tartrate, 
4 g.; (NH 4 ) s HP0 4 , 0*6 g.: K£XV 0*6 g.; MgCO s , 0-4 g. ; (NH 4 ) 2 S0 4 , 0-25 g.; 
ZnS0 4 , 7H 2 0, 0*07 g.; FeS0 4 , 7H a O, 0*07 g.; distilled water to 1500 ml. This 
was distributed in 350 ml. amounts in a number of 1-litre conical flasks, sterilized, 
sown with a spore suspension, prepared from Czapek-Dox glucose agar slopes, of 
the organism studied and incubated at a chosen temperature until the glucose 
content, as determined by polarimeter, had fallen below 1 %. In a preliminary 
experiment the yields of crude chloroform extract obtained from batches of 
20 flasks of each strain when incubated at a mean temperature of 14° were 
Ad 4 (15 days, 0*50 % of residual glucose) 5*67 g.; Ad 8 (16 days, 0*68 % of 
residual glucose) 7*81 g.; Ad 9 (22 days, 0*89% of residual glucose) 4*67 g.; 
Ad 18 (21 days, 0*69 % of residual glucose) 0 37 g. The chloroform extracts from 
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strains Ad 4, Ad 8 and Ad 9 all set to a crystalline mass on standing and were 
all shown to contain terrestric acid, but that from strain Ad 18 did not crystallize 
and no terrestric acid could be detected. Strain Ad 8, which gave the best yield 
in this experiment, was selected for use in the preparation of terrestric acid. 

Preparation of terrestric acid. 

Batches of 100 flasks of Raulin-Thom medium were sown with P. terrestre 
Jensen, strain Ad 8. The flasks were incubated at room temperature either in 
the laboratory or in underground vaults, where a lower temperature was 
obtainable. The best and most consistent yields were obtained at a mean 
temperature of about 20°, when the period of incubation was 15-16 days, the 
glucose content as determined by polarimeter having fallen in that time to 
0-2-0-4 %. The yield of crude crystalline material (total chloroform extract) 
under these conditions was about 40 g. per batch of 100 flasks. A trial batch 
incubated at 24° gave a somewhat lower yield and the material did not appear 
to crystallize with the same facility. The experimental details of a number of 
preparations are given in Table 1, in which all yields are calculated on a 100-flask 
basis. 


Incubation 

Temperature (° C.) 

Table 1. 

Residual 

Final pH of 

Titrat able* 
acidity ml. 

Yield of 
crude ervst. 

period 

days 



glucose by 
polarimeter 

metabolism 

solution 

A/lONaOH 
per 10 ml. 

products 

£• 

r 

Range 

Average 

12 

24 

24 

0-39 

30 

1-20 

37-7 

15 

17-21 

20 

0*36 

34 

1*50 

41-4 

lfi 

17-21 

20 

0*30 

33 

1-32 

39-8 

16 

17-21 

20 

019 

3*6 

123 

39*3 

24 

11-18 

14 

0*48 

2*8 

170 

341 

21 

11-18 

14 

0-00 

2-7 

2*83 

28*8 

19 

11-18 

14 

0-41 

2-8 

2*12 

35-7 

19 

10-14 

12 

0-56 

2-8 

205 

25-5 

35 

6 12 

9 

019 

3-6 

0-65 

39-7 

32 

6-10 

8 

0-81 

31 

2-50 

18-5 


When incubation was finished the metabolism solution, which gave a reddish 
brown colour with FeCl 3 , was filtered from the mycelium, acidified with 10 ml. 
of cone. HC1 per litre and extracted twice with about one-third of its volume of 
chloroform. The chloroform from the second extraction of each batch was used 
for the first extraction of a further batch. The procedure after acidification was 
exactly the same as that employed in the extraction of palitantin [Birkinshaw 
& Raistrick, 1936]. The chloroform was removed under reduced pressure and 
the extracts from the whole batch of 100 flasks were combined. The residual 
chloroform was allowed to evaporate spontaneously and in 2 or 3 days the syrup 
remaining set to a mass of crystals. It was usually necessary to break up the 
cake once or twice in order to get rid of the last traces of chloroform. 

For purification the product was first crystallized from ether and then from 
light petroleum. Thus in a typical experiment the crude product (16 g.) was 
dissolved in ether (600 ml.) in two lots and allowed to crystallize. It deposited 
large prisms (9*22 g.) somewhat yellow in colour, m.p. 87-89°. A further crop 
of 2*42 g. of the same m.p. was obtained on evaporation of the ether to 50 ml. 
These crops were combined and boiled with light petroleum (1300 ml. b.p. 60-80°). 
The undissolved portion was again boiled with light petroleum (1600 ml.). 
This effected complete solution except for a very small dark-coloured residue. 
On chilling, 10*12 g. of colourless flattened needles were obtaineef, m.p. 89°, 
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which represented pure terrestric acid. Since further small quantities were 
obtained from the mother-liquor, it is clear that most of the original chloroform 
extract of the metabolism solution consists of terrestric acid. 

Properties of terrestric acid . 

Terrestric acid is a colourless, crystalline solid of m.f. 89°, and empirical 
formula C u H J4 0 4 . (Found (Schoeller): C, 62-94, 62*86: H, 6-79, 6-63 %. Mol. wt. 
cryoscopic in dioxan (Dr A. E. Oxford) 226. C n H 14 0 4 requires C, 62-84; H, 
6*72%; mol. wt. 210.) In aqueous solution it titrates sharply as a monobasic 
acid. Thus 0-0532 g. required 2-52 ml. of 0-1 A 7 NaOH for neutralization to 
phenolphthalein, giving an equivalent of 211. Calc, for C u H 14 0 4 (monobasic), 
210. In aqueous solution it has 61 1 (c = 0*53). It is somewhat soluble 

in cold water and readily soluble in most organic solvents with the exception of 
light petroleum, which dissolves only a trace in the cold but more on heating. 
Like carolic acid it is extremely soluble in chloroform even in the cold, which 
explains the ease with which it is extracted from dilute aqueous solution by this 
solvent. 

In aqueous solution terrestric acid gives an orange colour with ferric chloride, 
indistinguishable from that given by carolic acid. It gives no immediate colour 
with aqueous sodium nitrite but yields a lilac colour on standing which is not so 
intense as that given by carolic acid under these conditions. It does not reduce 
Folding's solution even on heating, gives no precipitate with neutral lead acetate, 
but gives in aqueous solution a precipitate with mercuric chloride. 

In a Zerewitinoff determination (Roth) terrestric acid afforded no active 
hydrogen in anisole at 18° or 95° but gave 1 atom in pyridine at 18". 

Acid hydrolysis of terrestric acid. 

Terrestric acid (0-5531 g.) was heated with 2A T H 2 8G 4 (20 ml.) under reflux 
in a stream of nitrogen. The bath was maintained at 135-140 . The issuing gas 
was passed through a bubbler containing 2:4-dinitrophenvhydrazine solution, 
then through standard baryta. Carbon dioxide was evolved which after 3 hours’ 
heating was equivalent to 5-00 ml. of N HC1. After a further 2 hours only the 
equivalent of 0-17 ml. was obtained, giving a total of 5-17 ml. The calculated 
amount for 1 mol. of C0 2 is 5*27 ml. Hence 1 mol. of terrestric acid yields 1 mol. 
of carbon dioxide on acid hydrolysis. There was only a trace of precipitate in the 
2:4-dinitrophenylhydrazine reagent. 

The hydrolysate was cooled and titrated. It used 0-20 ml. of N alkali in 
excess of the equivalent of the HjjSC^ used for hydrolysis. The solution was 
then heated and the titration continued. Further alkali (2-25 ml.) was slowly 
used, the titration proceeding as for a lactone. The total organic acid present 
was therefore equivalent to 2-45 ml., whereas the calculated amount for 1 equiv. 
per mol. of terrestric acid is 2-63 ml. This indicates that 1 mol. of lactone is 
formed per mol. of terrestric acid. 

The neutralized hydrolysate' was distilled in vacuo 7 or 8 times to dryness, 
water being added after each distillation to make up the loss. The distillate was 
made up to 500 ml. It reduced Fehling’s solution in the cold and gave a 
precipitate with 2:4-dinitrophenylhydrazine. By analogy with carolic acid it 
was considered that the reducing substance present was probably an acyloin, 
and a Wood-Ost determination was carried out. Calculated as acetoin the total 
% amount present in the 500 ml. was 154 mg., the theoretical amount for 1 mol. 
obtainable from 1 mol. of terrestric acid being 232 mg. The yield was thus 
67%. Since some precipitate was present in the 2:4-dinitrophenylhydrazine 
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bubbler employed during hydrolysis and the Wood-Ost determination was 
performed at great dilution, which would tend to render it inaccurate, the result 
was considered to indicate that 1 mol. of terrestric acid gives rise to 1 mol. of 
acyloin. 

Identification of the acyloin . A portion of the distillate containing the 
acyloin was treated with ferric chloride and distilled. The distillate was treated 
with 2:4-dinitrophenylhydrazine. It gave overnight a copious orange precipitate 
which was collected and recrystallized from nitrobenzene-toluene. It gave 
Neuberg’s reaction for a bis-dinitrophenylhydrazone and had m.p. 321°. (Found 
(Weiler): C, 43-19, 43 06; H, 3-11, 3-22; N, 24*88, 25-30%. C 16 H 14 0 8 N 8 , the bis- 
dinitrophenylhydrazone of diacetyl requires C, 43-04; H, 3-16; N, 25-11 %.) The 
product showed no depression in m.p. when mixed with authentic diacetyl-bis- 
dinitrophenylhydrazone. Hence the acyloin formed on hydrolysis of terrestric 
acid is acetoin (acetylmethylcarbinol). 

The residue from vacuum distillation of the acyloin was dissolved in water, 
acidified with H 2 S0 4 and heated to 100°. After cooling it was continuously 
extracted with ether to remove the lactone. The ether was removed and the 
extracted lactone was treated with phenylhydrazine (0-3 ml.) and alcohol (1 ml.) 
and heated for 2 hours under reflux on the water-bath. On cooling a small 
amount of crystals separated. These were collected and washed with ether. 
m.p. 246° (decomp.). This was probably the bis-phenylhydrazone of diaoetyl, 
which has m.p. 245° (lit.), but the amount was too small for analysis. After 
standing for 2 or 3 days no further crystals were observed, but on addition of 
ether a voluminous crop of crystals was produced, m.p. 92-93°. When rocrystal- 
lized from ether the m.p. was 92°. (Found (Schoeller): C, 64-51, 64-63; H, 818, 
8-18; N, 12-86, 12-70%. C 12 H 18 0 2 N 2 requires C, 64-82; H, 8-17; N, 12-61%.) 
The product is thus the phenylhydrazide of a (probably y-) hydroxyhexanoic 
acid. 

Characterization of the lactone. In order to obtain a pure sample of the 
lactone for characterization, a further quantity (15 g.) of terrestric acid was 
hydrolysed with 2N ILjSC^ (150 ml.) by heating for 3 hours in a stream of 
nitrogen. After cooling, 2N NaOH (190 ml.) was added and the mixture was 
again heated for \ hour. The slightly alkaline product was distilled in vacua to 
remove acyloin and then extracted with ether to remove any neutral resinous 
matter which might have been formed. 2N HgSQ* (50 ml.) was then added and 
the mixture was heated to 100° to convert the acid into lactone. The lactone 
was extracted with ether and distilled at atmospheric pressure, giving 9 g. of a 
laevorotatory distillate. The distillation was repeated twice. On the third 
distillation the lactone showed a constant b.p. of 219° (uncorr.) and the rotation 
and refractive index were practically unchanged. It had the following properties: 
d'X 1*027, riff 1-4393, [a]—58-11°. The specific rotation was also determined 
in water [a]* P u -57-4° (e-2-03). (Found (Weiler): C, 63-06, 62-96; H, 8-72, 
8-86 %. C 6 H 10 O 2 requires C, 63-11; H, 8-83 %.) 

Oxidation of the lactone .. The lactone (1 ml.) was heated with a mixture of 
cone. HN0 3 (13 ml.) and water (9 ml.) on the water-bath. A violent reaction 
occurred at first but this soon moderated. In about 2 hours the oxidation was 
apparently complete. The product was evaporated to dryness in vacuo, the 
crystals were dissolved in water, the solution was made slightly alkaline with 
ammonia, then acid with acetic acid. Calcium chloride was added to precipitate 
the oxalic acid. The filtrate on acidification with HC1 and extraction with ether 
(continuous extractor) gave 0*32 g. of crystals which on vacuum sublimation 
nearly all sublimed giving a product of m.p. 186°, It showed no depression when 
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mixed with succinic acid. The equivalent by titration was 58*6; theoretical for 
C 4 H e 0 4 (dibasic) 59-0. Thus succinic acid was produced on oxidation of the 
lactone with nitric acid. It seems probable therefore that the lactone must have 
the constitution yy-dimethyl- or y-ethyl-butyrolactono, and since it is optically 
active, only the latter would meet the case. 

Racemization and identification of the lactone, from terrestric acid. A small 
sample of n-hexanolactone prepared from glueonolac-tone by heating under 
reflux with hydrogen iodide and red phosphorus [cf. Kiliani & Kleemann, 1884] 
was found to be optically inactive. It appeared probable therefore that the 
lactone from terrestric acid would be raccraized by this treatment. This was 
found to be the case. The* optically active lactone (3-7 g.) was heated for 7 hours 
under reflux with hydrogen iodide (20 ml., sp. gr. 1-7) and red phosphorus (1 g.). 
The oil-bath was maintained at 150-100°. Water (60 ml.) was added to the 
cooled mixture which was then extracted with other (600-700 ml.). The ether 
was washed with a little water, then with sodium thiosulphate to remove iodine 
and the acids were transferred to sodium carbonate solution, the lactone 
remaining in the ether. The aqueous carbonate on acidification gave an oily 
acid. The ether was removed on the water-bath and the residual lactone was 
heated for 1 hour on the water-bath with a few g. of granulated zinc and 10 ml. 
of cone. HC1 diluted with an equal volume of water. The product was extracted 
with ether and treated with sodium carbonate as before. Again a small amount 
of oil smelling of n-hexanoic acid was obtained on acidification of the carbonate 
solution. This was added to the previous sodium carbonate product. The 
lactone recovered from the ether was distilled. The b.p. (214°) was probably a 
little low owing to the small amount recovered. The product was optically 
inactive and weighed 1*05 g. It was heated in alcohol with phenylhydrazine 
for conversion into the phonyIhydrazide. The product began to crystallize 
after removal of the alcohol. The* crystals were treated with ether, collected and 
recrystallized from ether. Plates, m.p. 101°. (Found (Weiler): C, 64*93, 64*72: 
H, 7*93, 8*15; N, 12*49, 12*84%. C 12 H 18 0 2 N 2 requires C, 64*82; H, 8*17; 
N, 12*61%.) This product was identical with the phenylhvdrazide obtained 
from n-hexanolactone prepared by the method of Fittig & Dubois [1890] from 
dihydrosorbic acid, w'hich also had m.p. 101°. There was no depression in m.p. 
on mixing the two products. 

Treatment of the acidic portion. The acid extracted by sodium carbonate was 
treated with zinc and HC1 exactly as in the case of the lactone in order to remove 
combined iodine. The product was extracted with ether, washed with sodium 
thiosulphate and retransferred to sodium carbonate solution. The aqueous 
solution was acidified and extracted with ether. The product was esterified with 
diazomethane in ether. The ester after removal of ether was treated with 
10 ml. of aqueous ammonia saturated in a freezing mixture and left for several 
days with occasional shaking. Crystals were obtained; these were collected and 
weighed 0*27 g. m.p. 99°. After reerystallization from light petroleum the m.p. 
was raised to 100°. (Found (Weiler): C, 62*78, 62*60; H, 11*09, 10*87; N, 12*54, 
12*34%. C 4 H m ON requires C, 62*55; H, 11*39; N, 12*16%.) 

This substance was n-hexanoamide since it showed no depression in m.p. 
when mixed with synthetic material prepared in the same manner from 
n-hexanoic acid. The synthetic substance crystallized in large plates, m.p. 101°. 
The formation of n-hexanoic add by reduction of the lactone affords further 
proof of the constitution of the lactone obtained by hydrolysis of terrestric acid 
as n-hexanolactone. 
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Bromination of terrestric acid in 50° / 0 aqueous ascetic acid . 

The conditions were exactly similar to those employed in the bromination 
of carolic acid [Cluttorbuck et ah 1935], Terrestric acid (1-05 g.) dissolved in 
60% aqueous acetic acid (20 ml.) was treated slowly with the theoretical 
amount (20*1 ml. = 2Br a ) of a solution of bromine (2 ml.) in 60% acetic acid 
(80 ml.). The product was evaporated in high vacuum over caustic potash. 
After 4 days’ drying the residue (1-57 g.) consisted of crystals and syrup. The 
crystals were collected and washed with benzene and then with light petroleum. 
The product (0-53 g.) melted at 169-171° decomp. Further separation occurred 
in the mother liquor. On recrystallization from benzene the product had 
m.p. 180° (decomp.), unchanged on sublimation. It gave an immediate strong 
purple colour with sodium nitrite solution and a red colour with ferric chloride 
solution and showed no depression of m.p. when mixed with tf-oc-bromo-y-methyl- 
tetronic acid obtained from carolic acid. The m.p. of that acid is stated as 172°, 
but it was found to melt at the same temperature as the newly isolated product 
when heated under the same conditions. As the m.p. is really a decomposition 
point it depends to some extent on the rate of heating. The rotation of the acid 
in water was determined in a micropolarimeter tube: [a]£JL=+8*0° (c = 2*5). 
(Found (Schoeller): C, 31*26; H, 2*79; Br, 41*05%. Equivalent by titration 
196. Bromomethyltetronic acid, C 6 H 5 0 3 Br requires C, 31*10; H, 2*61; Br, 
41*40%. Equivalent (if monobasic) 193.) Since this product is undoubtedly 
d-a-bromo-y-methyltetronic acid it affords further proof that the acyloin isolated 
from the products of acid hydrolysis of terrestric acid is actually acetoin. 

Thus it has been established that terrestric acid contains a methyltetronie 
acid nucleus linked to a Z-y-hydroxy-n-hexanoy] residue. In view of the 
remarkably close similarity in general properties between terrestric and carolic 
acids, the constitutions of the two acids must be closely related. The same 
arguments as developed by Clutterbuck et ah [1936] for the constitution of 
carolic acid may therefore be applied mutatis mutandis to terrestric acid, which 
has thus the constitution of an ethylcarolic acid formulated in the hydrated and 
anhydrous forms as I and II (p. 2195) respectively. 

Summary. 

Terrestric acid , C u H u 0 4 , a hitherto undescribed mould metabolic product, is 
formed on Raulin-Thom glucose medium by three different strains in the Pent- 
cillium terrestre Jensen series. Its isolation, properties and breakdown products 
are described. It has been shown to be an ethyl derivative of carolic acid, a 
metabolic product of PeniciUium Charlesii G. Smith. Terrestric acid hydrate 
has been shown to be a-(Z-y-hydroxy-it-hexanoyl) J-y-methyltetronic acid. 

We wish to thank Mr G. Smith and Mr W. K. Anslow for much technical 
assistance in the preparation of quantities of crude terrestric acid, and we express 
our indebtedness to the Research Council of Imperial Chemical Industries, Ltd., 
for a grant to one of us (J. H. B.). 
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CCCVIII. SOME PHYSICO-CHEMICAL 
CHARACTERISTICS OF THE YELLOW 
RESPIRATORY ENZYME. 

By RALPH AMBROSE KEKWICK 1 and KAI OLUF PEDERSEN. 

From The Institute of Physical Chemistry , The University of Upsala f Sweden . 

(Received 19 October 1936.) 

The yellow respiratory enzyme isolated by Warburg & Christian [1933] is a 
substance of some considerable biological interest. By means of a technique 
involving electrophoresis, Theorell [1935] has recently purified the enzyme and 
reported its crystallization from solutions containing (NH 4 ) 2 S0 4 . 

This paper is an account of some experiments carried out on a preparation 
supplied by Dr A. H. Theorell. 

Experimental. 

The stock material, a yellow paste consisting of enzyme and (NH 4 ) 2 S0 4 , was 
stored at approx. 0°. 

For experimental purposes solutions of suitable concentration were made by 
dissolving small quantities of the paste in distilled water and dialysing against 
distilled water at 2° in cellophane tubes until no sulphate could be detected in 
the dialysate after 16 hours’ contact with the solution. 

The early stages of the dialysis were marked by the appearance of a yellow 
pigment in the dialysate, but this ceased to be detectable some time before a 
negative 804;“ test was obtained. In the final stages of the dialysis a slight 
flocculent brownish precipitate usually formed; this was centrifuged off leaving 
a golden yellow supernatant solution. 

The yellow pigment appearing in the dialysate was shown not to sediment 
in a centrifugal field of 180,000 times gravity and so was considered to consist 
of the flavin group derived by decomposition from some of the yellow enzyme, 
and probably previously associated with the small protein precipitate. Further 
slight decomposition tended to occur in the solution on standing. 

For experiments in the velocity and equilibrium centrifuges quantities of 
the stock electrolyte-free yellow enzyme solution were diluted with buffers of 
suitable composition and the resulting solutions used immediately. For electro¬ 
phoresis and diffusion experiments, however, the solution of yellow enzyme in 
buffer was dialysed against a large volume of buffer of the same electrolyte 
composition for 16 hours, to ensure equilibrium. 

Sedimentation velocity measurements . 

The sedimentation velocity experiments were carried out in a centrifugal 
field of approximately 180,000 times gravity, the movement of the sedimenting 
boundary being recorded by the absorption method [Svedberg, 1925; Svedberg A; 
Eriksson, 1932]. A mercury vapour lamp was used as a source of light in con¬ 
junction with a nickel oxide filter (A-366 m/x). A single experiment was made 
using the refractive index method [Lamm, 1928; 1929; McFarlane, 1935; 
Pedersen, 1936]. 

1 Work earned out during the tenure of a Rockefeller Foundation Fellowship* 
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The results are given in Table I. In every case sufficient electrolyte was 
present in the solutions to suppress any charge effect on the sedimentation. 


Table I. The sedimentation constant of the yellow respiratory enzyme . 


Exp. 


Total salt 



no. 

Buffer 

cone. (M) 

pH 

8,0 x 10» 

15 

HOAe, NaOAc, NaCl 

0-180 

4-46 

5-94*t 

13 

HOAc, NaOAc, NaCl 

0*180 

4*95 

5-79 

10 

KHjPCV Na a HPO„ NaCl 

0*300 

5-72 

5-72 

17 

KH a P0 4 , Na 2 B 4 0 7 , NaCl 
KHLP0 4 , NajHPOi, NaCl 

0-174 

5-84 

5-73 

7 

0*150 

6-00 

5*80 

11 

KJLP0 4 , Na a HP0 4 , NaCl 

0-129 

6-71 

5*60 

21 

KH,P0 4 , Na a HP0 4 , NaCl 

0-180 

7-31 

5*81 

8 

KH a P0 4 , Na a HP0 4 , NaCl 

0-150 

8-00 

5-68 

25 

27 

KH.P0 4 , NaJhO;, NaCl 
N%B 4 0 7 , NaaCOa, NaCl 

0-150 

0-240 

8*65 

9-11 

5-82 

5-70 

24 

Na a B 4 0 7 , Na a C0 3 , NaCl 

0-240 

9-65 

5-93 

26 

Na*B 4 0 7 , Na 2 CO„, NaCl 
KH 2 P0 4 , Na a HP() 4 , NaCl 

0-240 

10-09 

5-57f 

22 

0-242 

11-48 

5-63*f 

19 

HOAc, NaOAc, NaCl 

0-183 

4-46 

fl*14*t 

20 

Same solution as 19, but 

— 

— 

6-38*t 


24 hours later 

Mean value of S ao =5-76 ±0-09 x 10“ 18 . 

* Some decomposition. f Omitted in calculating mean. 

From the data of Table I it may be seen that the sedimentation constant, 
SgQ, remains substantially constant over the pH range 5 to 9*5, which may be 
identified with the stability region of the enzyme. Below pH 4*5 there is a 
tendency for the enzyme to aggregate and for the flavin group to be liberated. 
At pH 4 this liberation occurs so rapidly that no sedimentation can be observed 
using light of wave-length 366 mp. 

The sedimentation constant 5-76 + 0*09 x 10“ 13 is the mean of the values of 
Sgo over the stability region. 

In the case of Exp. 10, which was carried out by the refractive index method, 
the refractive increment due to the enzyme contained in the solution remained 
constant during the whole experiment. Moreover, the “spreading coefficient” 
showed no drift with time [McFarlane, 1935]. These two facts indicate that the 
preparation investigated was monodisperse, and this conclusion is supported 
by the curves obtained when the light absorption method was used. 


The diffusion coefficient. 1 

The diffusion coefficient was determined by the method of Lamm & Poison 
[1936] and the data were analysed by means of equation (2) of their paper and 
by comparison of the experimental curve with the normal dispersion curve. The 
data follow: 

Buffer: 0-070 M KH 2 P0 4 , 0 010 M Na 2 HP0 4 , 0-1 M NaCl; pH=5-86. 


Time of diffusion 
hours 


D 

cm.* x 10“’/sec. 


17 

27 

41 


607 
601 
613 

Mean 607 


^corr -6-28 x 10~ 7 om.*/sec. 

u 

1 We are indebted to Mr A, G. Poison for carrying out this measurement. 



PHYSICAL CHEMISTRY OF YELLOW ENZYME 2203 

The value of D C orr. is for pure water at 20°, the correction being made by 
equation (10) of Lamm & Poison [1936]. 

Comparison with the normal dispersion curve showed the substance to be 
monodisperse, which is also indicated by the absence of drift in the diffusion 
constant with time. 

The partial specific volume. 1 

The partial specific volume occurs as a term in the equations used for 
calculating molecular weight from sedimentation data and was accordingly 
determined. 

The determination was made on an electrolyte-free aqueous solution of the 
yellow enzyme at 20°. The value obtained was 0*731, which is low in comparison 
with most proteins, the usual range being 0*745-0*750. 

The molecular weight . 

It has been shown (Svedbcrg, 1925 ; 1927] that the molecular weight of a 
substance can be calculated from sedimentation and diffusion data by means of 
the equation 


By substituting the 4 values previously reported in this paper into the above 
equation, a value of 82,800 is obtained for the molecular weight of the yellow 
enzyme. 

The molecular weight was also determined by sedimentation equilibrium, 
using the refractive index method (Lamm, 1929: Pedersen, 1936]. Owing to the 
small amount of material available, the refractive increment due to the enzyme 
in the solution used for the equilibrium experiment was estimated by carrying 
out a refractive index velocity experiment on the same solution. The molecular 
weight was then calculated from equations (12) and (15) of Pedersen's paper. 

The actual determination was carried out at 20° using a phosphate buffer, 
pH 5*7 2. Two cells at different distances from the axis of rotation were used, 
and the equilibrium was measured for two speeds of rotation. 

In Table II the data for one cell (cell A), at 120*9 rev./sec., is given in full; 
the remaining results are mean values. For the significance of the symbols see 
Pedersen [1936]. 

It will be observed that there is no drift in the M wx values with distance from 
the centre of rotation. The values fluctuate considerably, and the observed 
molecular weight tends to fall as distance from the centre of rotation increases, 
which is the opposite of the behaviour expected for a polydisperse preparation. 
In general the data indicate that the substance is monodisperse. 

The mean of all values obtained for the molecular weight from sedimentation 
equilibrium data is 77,500, which is rather lower than that calculated from the 
sedimentation and diffusion constants. 

The mean of the values from sedimentation velocity and diffusion data and 
sedimentation equilibrium measurements is 80,000. 

By means of a photoelectric determination of the flavin content of the yellow 
enzyme Theorell [1935] has estimated the molecular weight, on the assumption 
that the enzyme contains one flavin group in the molecule. The values obtained 
for several preparations vary from 70,000 to 75,000; these are in fairly good 
agreement with the figure just given. 


1 We are indebted to Dr A. H. Theorell for carrying out this determination. 
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Table II. The molecular weight of the yellow respiratory enzyme by 
sedimentation equilibrium . 


Cell A; 120*9 rev./sec. 


X 


Z (L 

dnfdx. 10 s 

(»i -» 0 ).10» 



*- 

4-80 


415 

4-409 

2*074 

74,200 


84,900 

4*85 


474 

5*030 

2*310 

75,300 


79,500 

4*90 


538 

5*716 

2*579 

75,800 


77,600 

4*95 


609 

6*471 

2*883 

76,000 


74,800 

500 


688 

7*310 

3*227 

75,900 


76,100 

505 


779 

8*277 

3*616 

75,900 


74,700 

510 


881 

9*360 

4*057 

75,800 







Mean 

75,600 

(M t ) 77,800 


Cell 


Rev./sec. 

M w 


M z 



A 


120*9 

75,600 


77,800 



A 


145*1 

(64,800) 


77,800 



B 


120*9 

82,800 


77,000 



B 


145*1 

74,400 


76,600 



Final mean 77,500 


Electrophoretic mobility measurements. 

A series of measurements of the electrophoretic mobility of the yellow 
enzyme was made, using the method of Tiselius [1930; v. also Pedersen, 1933], 
with the same recording conditions as for the sedimentation velocity experi¬ 
ments. 

Measurements were made in acetate buffers (0-02 M NaOAc+arAf HO Ac), 
and phosphate buffers of constant ionic strength (/z = 0*02), all the experiments 
being carried out at 20-0°. 


Electrophoretic mobility of the yellow enzyme. 


pH 

Buffer 

Mobility (u) 
cm./aec.. 10~ 6 

Direction 

4*60 

Acetate 

4*73 

Cathodic 

4*87 


2*37 

»* 

5*45 

*» 

1-14 

Anodic 

5*41 

Phosphate 

1*53 

ft 

6*14 

»» 

4*72 

tt 

7*45 

»» 

8*06 

tr 

point pH 5*22; slope of the mobility curve 

rv\in4> 

10~ B at the 

d(pH) 


The curves obtained showed no signs of inhomogeneity, and the value for 
the isoelectric point is in good agreement with that found by Theorcll [1935], 
viz. 5*25, using another method. 

Discussion. 


From a consideration of the data which have been presented it may be seen 
that the yellow enzyme preparation studied was monodisperse and electro- 
ohemically homogeneous. It therefore seems reasonable to conclude that the 
substance is a chemical entity of molecular weight 80,000. 
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The agreement between the molecular weight determination from ultra¬ 
centrifugal data and by estimation of the flavin content of the molecule 
indicates that the molecule contains one flavin group. 

Summary. 

1. Sedimentation, diffusion and electrophoresis data are presented for the 
yellow respiratory enzyme. 

2. On the basis of the experimental results it is concluded that the prepara¬ 
tion studied was a chemical entity of molecular weight 80,000. 

3. The data indicate that the yellow enzyme contains one flavin group in the 
molecule. 

The expenses of tliis investigation have been defrayed by grants from the 
Rockefeller Foundation and the Andersson Foundation. 

One of us (R. A. K.) is indebted to Prof. Svedberg for the generous hospitality 
afforded in his laboratory. 
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CCCIX. PYRUVIC ACID OXIDATION 
IN BRAIN. 

I. VITAMIN Bj AND THE PYRUVATE OXIDASE 
IN PIGEON'S BRAIN. 

By RUDOLPH ALBERT PETERS. 

From the Department of Biochemistry , Oxford. 

(Keceive/i 3 October 1936.) 

The object of the present paper and others to follow is to present the evidence for 
the pyruvate oxidase theory of the action of vitamin B 3 . In brain tissue treated 
with lactate, we now believe that oxidation mainly follows the expected sequence 

A B 

Lactate-f 0 —► pyruvate-f (?i)0—► oxidation products .(1), 

rit! B, 

and that the action of the vitamin is exerted at stage B. 1 In so exerting an effect , 
which can be observed noticeably only in the avitaminous brain (or kidney) , 2 
this vitamin is either acting as a coenzyme to pyruvate oxidase, or constitutes 
the prosthetic group of the enzyme itself. At present evidence does not decide 
between these possibilities, though favouring the latter. 

At first, in this laboratory, we favoured the lactate oxidase theory of the 
action of vitamin B 3 [Kinnersley & Peters, 1930], based upon the large accumu¬ 
lations of lactic acid, which are a feature of vitamin B 3 deficiency. Later this 
view was discarded; especially we may mention that Meiklejohn 11933] did not 
find an increased disappearance of lactic acid associated with increased oxygen 
uptake in presence of the vitamin. There came subsequently the discovery 
[Peters & Sinclair, 1933] of a substance giving the colour reaction of pyruvic 
acid as an abnormal product in avitaminous brain respiring in lactate, the 
subsequent study and identification of this [Peters & Thompson, 1934], and 
finally the finding of abnormal amounts of pyruvic acid in avitaminous blood 
[Thompson & Johnson, 1935; Johnson, 1936]. From the time of this work, there 
has always been a tempting body of evidence in favour of the importance of 
pyruvate (as an intermediate) in brain respiration systems, and of the close 
correlation if not identification of vitamin B 3 with the pyruvate oxidation 
system. The evidence of abnormal amounts of pyruvate in blood was important 
as it indicated that the phenomenon shown in vitro by teased brain also took 
place in vivo , a complete answer to any criticism of the value of such in vitro 
work. In spite of these indications, there seemed to be certain facts which could 
not be reconciled with the direct pyruvic oxidase view; this led us to hesitate in 
its adoption. As the majority of these have now been removed, there remain no 
outstanding objections to the pyruvic oxidase theory. We can now consider some 
of the objections in detail; the attempt to answer them has brought to light a few 
new facts about brain enzyme systems. 

1 This scheme was presented by the author [1936], and with McGowan [1636). 

* The catatorulin effect is shown by pigeon’s kidney [Thompson, 1934], 

* ( 2206 ) 
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The, relation of lactate and pyruvate . 

It is natural of course to believe that respiration in brain tissue follows the 
sequence (I). If this is so, and if the vitamin acts at stage B, then we should 
expect (a) the accumulation of pyruvate from lactate in absence of vitamin B x 
as is now known to occur; (b) less 0 2 uptake with pyruvate than lactate in the 
avitaminous brain, and the reverse with normal brain, because in the latter we 
might expect that conversion of lactate into pyruvate was not sufficiently rapid 
to saturate the pyruvate oxidase with pyruvic acid; (c) a more pronounced 
catatorulin effect (vitamin B x extra 0 2 uptake) with the pyruvate than with 
lactate. In early work upon this point, Meiklejohn et al. [1932] found that (b) 
occurred, but that (c) did not apply ; there were cases in which brain tissue 
apparently reacted with vitamin B x in presence of lactate and not of pyruvate. 
This seemed to lie irreconcilable with scheme (1). Let us first consider work 
upon (c). 

Vitamin 11/ effect and pyruvate. In the last two years a very large number of 
catatorulin and other tests have been done with pyruvate. These are summarized 
separately. In over 50 consecutive experiments, there has been no case in which 
large vitamin effects have not been shown with this substrate. On the other 
hand, I have occasionally noticed failures with lactate. This is consistent with 
scheme (1), and not with the early pyruvate work, and suggests that the early 
failures were due to some special feature of the experiments. In a footnote, 
Peters & Thompson [1934] considered that the action of pyruvate at pH 7*3 
must be linked w r ith that of pyrophosphate (as was lactate at pH 6*6 [Peters & 
Sinclair, 1933]). This was ttecauae it seemed to be a possible difference between the 
earlier and later experiments. I have now submitted this point to direct tests, 
using even the more alkaline pH 7-7 in order to emphasize any differences, and 
can obtain no support for this opinion. In the experiments of Table I, at pH 7*3, 
Exp. 965 (one of two similar ones with normal brain) is confirmatory of previous 
w r ork by Meiklejohn et at, [1932] who worked without pyrophosphate. There is 
a larger uptake for normal brain with pyruvate than with lactate in complete 
agreement with postulate (b). The significant vitamin effect in pyruvate, 
Exp. 965, is unusual, but it is interesting that it happens to occur with pyruvate; 
the slight inhibition with vitamin and lactate observed in 1935 has often been 
noticed in the normal brain and is not yet explained. At this pH of the avita¬ 
minous brain the lower 0 2 uptake with pyruvate than with lactate is repro¬ 
ducible (Exp. 967). Even with pyruvate plus vitamin there is a higher total 
oxygen uptake than with the lactate, contrary to the normal. Nevertheless, 
the other feature of the earlier experiments is not reproduced: there is a marked 
catatorulin effect with pyruvate, even larger than that with lactate. At pH 7-7 
(Table I ( b)) the relations with lactate and pyruvate in the five experiments quoted 
are substantially the same. There is always a catatorulin effect with pyruvate. 

There is if anything a greater restoration with pyruvate than with the 
lactate. 

The relations to pyrophosphate at this pH are perplexing. There is no evidence from Exps. 959 
and 956 that it is necessary for respiration with pyruvate. It is in fact inhibitory in these experi¬ 
ments both to lactate and to pyruvate. The inhibition to pyruvate persists right through the period 
of respiration though with diminishing intensity. That for lactate is over (as in the case of the 
pH 6«6 respiration) (see below) after about 1$ hours. 

For the moment it is not possible to explain all these points, but it is clear 
that they do not support the explanation of the older experiments of Meiklejohn 
et al who reported occasional failure to obtain the vitamin effect with pyruvate. 



Table I. Comparison of O 2 uptakes with pyruvate and lactate as substrates 
at varying p H values. (Normal and avitaminous pigeons 9 brains.) 
/d./g./hr. P=pyruvate; L—lactate; V=vitamin; pp =- pyrophosphate; Res=residual. 


(a) pH 7*3. Cool preparation (14°). 







Exp. 965. Normal cerebrum. 





Vitamin difference 

_A_ - 

Period (min.).. 

. 15 

15 

30 

30 

30 

30 

0-60 

60-120 

P 

2740 

2460 

2110 

1745 

1410 

1210 

+ 270 

+ 225 

PV 

3035 

2675 

2390 

2000 

1600 

1435 

L 

2810 

2465 

1995 

1460 

1070 

855 

- 82 

- 30 

LV 

2650 

2350 

1945 

1450 

1020 

850 

Res 

1010 

935 

870 

595 

376 

300 




Experiment quite exceptional in size of the vitamin effect shown with pyruvate by the norma 
brain. 


Exp. 967. Avitaminous cerebrum. 







P 

1170 

1040 

660 

545 

415 

367 

+458 

+ 530 

PV 

1480 

1425 

1225 

1080 

945 

837 

L 

(1405) 

1335 

1055 

860 

640 

525 

+ 350 

+ 375 

LV 

1630 

1650 

1485 

1235 

1010 

965 

(6) pH 7-7. 

All experiments avitaminous. 

Exps. 957, 901, 959 

prepared 4 

‘cool”. 




remainder “ 

warm”. 




Exp. 957. 







Vitamin difference 

Period (min.). 

.. 15 

15 

30 

30 

30 

30 

* 

— - — \ 

Res 

1270 

1000 

785 

540 

350 

330 

+ 124 

+ 100 

ResV 

1250 

1090 

900 

610 

480 

390 

P 

1840 

1435 

1120 

750 

551 

370 

+ 470 

4 600 

PV 

2090 

1945 

1680 

1315 

1140 

914 

L 

1870 

1705 

1330 

976 

742 

519 

+ 664 

+ 650 

LV 

2535 

2305 

2050 

1625 

1395 

1100 

Exp. 961. 



L, LV, single estimations. 




Cerebrum. 









P 

2120 

— 1520 — 

1090 

745 

490 

+ 410 

+ 710 

PV 

2355 

— 2110 — 

1815 

1435 

1130 

L 

2100 

— 1775 — 

1330 

1010 

700 

4 505 

+ 590 

LV 

2550 

— 2335 — 

1950 

1575 

1225 

Optic lobes, rest. 








P 

1590 

— 1150 — 

1070 

710 

485 

+ 390 

+ 480 

PV 

1910 

— 1610 — 

1485 

1250 

1060 

Exp. 959. 









P 

2190 

1865 

1260 

945 

750 

_ 

4 518 

+ 595 

PV 

2570 

2280 

1900 

1620 

1265 

— 

Ppp 

PppV 

2040 

2105 

1670 

1540 

1210 

1540 

940 

1255 

620 

1035 


+223 

+ 365 

L 

2640 

2680 

1830 

1380 

1040 

— 

+ 114 

+ 347 

LV 

2625 

2410 

2200 

1740 

1375 

— 




L, LV, single estimations. 




Exp. 958. 







Vitamin difference 

_A_ 

Period (min.).. 

. 15 

15 

30 

30 

30 

30 

/ - 


P 

— 1900 

— 

1200 

900 

624 

_ 

+ 825 

+ 838 

PV 

— 2670 

1 — 

2100 

1760 

1425 

— 

L 

— 2210 


1645 

1115 

895 

— 

+ 588 

+ 537 

LV 

— 2720 

— 

2310 

1725 

1360 

—* 

Lpp 

LppV 

— 2170 

— 2290 

_ 

1590 

1850 

1200 

1725 

986 

1390 


+ 190 

+ 465 

Exp. 956. 



P, PV, single estimations. 




P 

2260 

1635 

1160 

775 

470 

440 

+ 756 

+ 905 

PV 

2760 

2415 

2032 

1770 

1280 

1080 

Ppp 

1970 

1550 

1180 

940 

560 

395 


+ 490 

P*pV 

(2350) 

2110 

1665 

1320 

1160 

930 

+472 



PYRUVIC ACID OXIDATION IN BRAIN 


2209 


How are the results of the previous work to be explained? There is no differ¬ 
ence in the time of year at which the experiments were carried out. The older 
work was done with brain minced upon a warm plate at room temperature, which 
might have been rather low upon occasion. I have therefore repeated four such 
experiments, and quote two, Table II (a) and (6), Exp. 971. In all cases a good 


Table II. Effect of cool preparation and other changes. 
pH 7*3. Pyruvate as substrate always present. 

(a) Increasing amounts of pyruvate (cool preparation). 

Exp. 908. Normal cerebrum. Vitamin difference 

_ _A_ 


Period (min.)... 

15 

15 

30 

30 

30 

0-00 60-120 

Pvr 0 023 M 

3065 

— 

2505 

2230 

1780 

- - 

Pyr 004(1 if 

3095 

— 

2595 

2235 

1750 

— 

Pvt 0069 M 

2890 

-- 

2680 

2195 

1670 

Slight inhibition 


(b) Pyruvate: acid neutralized without dilution (WP). 
Exp. 971. Avitarninous cerebrum (cool preparation). 


P 

rv 

1650 

2030 

1050 

1650 

800 

1405 

616 

1240 

508 

1040 

+ 550 

+ 580 

WP 

1352 

1090 

785 

610 

500 

+ 450 

+ 410 

WPV 

1725 

1550 

1250 

1070 

850 


(c) Effect of calcium addition. Exp. 1, 0-015 M; Exp. 2, 0-0003 M CaCl t . 


Exp. 1. Avitarninous. 







P 

PV 

1410 

1860 

1085 

1630 

815 

1475 

576 

1140 

_ 

+ 580 

564 (30 min.) 

CaP 

CaPV 

1105 

(1450) 

870 

1275 

745 

1220 

560 

1100 

— 

+ 425 

540 (30 min.) 

Exp. 2. Avitarninous. 







P 

2300 

1710 

1355 

972 

765 

+ 610 

+ 670 

PV 

2710 

2390 

2035 

1720 

1360 

CaP 

1990 

1600 

1250 

1010 

790 

+ 530 

+ 605 

CaPV 

2370 

2090 

1880 

1650 

1457 


(d) Comparison of crystalline vitamin (4y) with old vitamin concentrate (46). 


Exp. 970. Avitarninous. 







P — 

PV — 

990 - 
1500 — 

698 

1210 

505 

968 

372 

810 

+ 525 

+ 500 

P — 

P (46) — 

960 — 
1430 — 

655 

1235 

480 

1020 

373 

835 

+ 512 

+ 450 


pyruvate effect was found. In Exp. 970, there was used the crude preparation of 
vitamin B x which had been previously employed by Meiklejohn et al. in their 
work. It had been stored for 3 years without change so far as could be ascer¬ 
tained. There was no evidence of any toxic effect either in this or in other 
experiments. We can therefore exclude the vitamin and also the conditions of 
mincing. This leaves us with possible variations in the medium, either in the 
inorganic constituents or in the pyruvate itself. Previously we had employed 
a Ringer solution which originally contained calcium. After bringing to pH 7-3 
approximately, the precipitated Ca phosphate was filtered off. Later we used 
Ringer without calcium. We had not thought that there would be much differ¬ 
ence in view of the smaller amounts of Ca involved, though Sinclair had found 
that presence of Ca produced slight inhibition. Further tests showed that the 
addition of traces of Ca make a difference, see Table II (c), but this is not enough 
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to remove the catatorulin effect with pyruvate. 1 This leaves us with only one 
possibility, the pyruvate itself. As was stated at the time, the pyruvic acid was 
highly purified by distillation and though not crystallized was considered to be 
pure enough for the purpose. But we did not realize then the profound change 
which can be made in pyruvic acid by neutralizing direct with N alkali before 
previous dilution with water. Peters & Thompson [1934] found that upon 
occasion a large change in bisulphite-binding power might rapidly occur. In the 
early experiments, in order to save volume, 80-100 mg. of purified pyruvic acid 
were weighed out into a tube and the alkali added direct. This seems to be 
dangerous, though the conditions under which the change occurs have not been 
worked out. In the experiment in Table II (b) the vitamin effect is reduced with 
pyruvic acid neutralized before dilution. With smaller amounts of pyruvate the 
reduction in pyruvate itself might be quite sufficient to account for the results. 
The early experiments lasted only for 1 hour: if continued they might even then 
have shown an effect. I think that they can be safely set aside as due to un¬ 
recognized experimental error. The present pyruvate gives only slight inhibition 
at 0-067 M (Table II (a)). 

If the view is correct that the vitamin action is upon the pyruvate only, it 
should be possible to find that, in the early stages of an experiment, there is a 
larger catatorulin effect with pyruvate than with lactate. At a later stage, 
when sufficient pyruvate is present, formed from lactate, there should be no 
difference. A decisive experiment of this kind has proved difficult to make; it 
will clearly be much governed by details such as the rate of diffusion of either the 
pyruvate or lactate to the active centres concerned. By keeping for some time 
at the low temperature diffusion effects will be minimized, but there will be a 
possibility of sufficient action of the lactate oxidase even in the initial 12 min. 
required for equilibrium at 38°. Some trials of this point proved rather incon¬ 
clusive, though there was a balance in favour of slightly increased catatorulin 
effect in the first half-hour only with pyruvate. 

The evidence of the delayed substrate experiment. 

As the result of delayed substrate experiments (Quastel and Wheatley 
technique), Peters et al . [1936] advanced the following view, considering re¬ 
spiration as a chain of reactions. 

X —► Y -f- Pyruvate or=Products of oxidation and 

| Lactate oxidative synthesis .(2). 

vit. Bj 

pyrophosphate 

This hypothesis was an attempt to explain the following facts. With tissue 
suspended in Ringer phosphate only, with and without addition of vitamin, the 
increase upon addition of substrate was greater for tissue previously incubated 
with vitamin and greater still for vitamin plus pyrophosphate. These facts have 
been confirmed recently, but at the same time other finding* have led to the 
substitution for (2) of the alternative interpretation, first proposed by the same 
authors in a footnote. According to the latter, the facts observed in this type 
of experiment are due to the protection of the essential factor from irreversible 
destruction. This interpretation now supports instead of opposing the pyruvic 
oxidase theory. 

1 The effect of Ca is related probably to the colloidal ion effect, see Ashfcgd & Dixon [1935], 
Dickens & Greville [1935]. 
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The sequence lactate-pyruvate at acid reactions . 

I was led to revise views upon hypothesis (2) by fruitless attempts to confirm 
it directly (with Passmore), and by exj>eriments with the delayed technique, at 
aoid reaction. Peters & Sinclair [1933] had shown that at pH 6*6 (instead of the 
normal pH 7*3) there was no catatorulin effect with lactate in absence of pyro¬ 
phosphate, whereas with pyruvate an effect was found. They had however been 
unable to demonstrate formation of pyruvic acid by colour reaction ; this had 
been another point irreconcilable at the time with the pyruvic oxidase theory. 
In the more recent and similar Exp. 861, Table III, made under more modern 


Table III. 


Acid Kinger phosphate pH 6*4. Lactate and pyrophosphate. 


Exp. 801. Warm preparation. Avitaminous. Vitamin differences 


Period (min.) ... 

0-15 

15-30 

30-60 

60-80 




L 

LV 

1480 

1600 

940 

1100 

650 

790 

430 .... 

564 J '° 

160 

140 

134 

Lpp 

LppV 

1260 

1340 

1010 

1140 

750 

1010 

570 

900 m 

130 

260 

330 

P 

P + V 

1310 

1560 

950 

1250 

595 

1010 

365 

800 

300 

415 

435 


Exp. 800. Warm preparation. Normal brain. 


Period (min.) ... 

0-15 

15-45 

45-75 

75-105 

105 -135 

(1) O 

1530 

1170 

708 

537 

400 

(2) L 0-041 M 

1580 

1440 

1030 

725 

615 

(3) L 0-082 M 

1160 

1270 

1115 

775 

627 

(4) L(M(i4jlf 

865 

1035 

800 

740 

526 

(5) Lpp 0-041 M 

1430 

1340 

1080 

1020 

918 

(6) Lpp 0-082J/ 

1150 

1000 

875 

815 

675 

(7) Lpp 0(M)4 M 

755 

755 

615 

514 

527 


Designed to explore the optimum concentration of lactate at this pH and the relation to 
pyrophosphate. 


Exp. 863. Warm preparation. Normal brain. 


iod (min.) ... 

15-45 

45-75 

75-105 

105-135 

Nil 

1090 

576 

422 

400 

L 0-0035 M 

1520 

1040 

785 

615 

L 0015 M 

1082 

925 

700 

580 

Pyr 0-017 

1800 

1570 

1330 

1142 


conditions, we see that with the “warm” minced tissue there was a slight 
catatorulin effect with lactate without pyrophosphate. With lactate -f pyro¬ 
phosphate, the vitamin effect as also the respiration is slightly reduced at first, 
but later increased over that of lactate alone. With pyruvate alone a large 
difference was present. The experiment is therefore in the same sense as the 
earliest ones, but the loss of vitamin effect in lactate is not so pronounced. 

Initial reduction of respiration in laotate at pH 7*3 by pyrophosphate haB now been well 
established by Johnson [1936]. 

Exp. 866 (Table III) is a complete experiment upon normal tissue and shows 
again the inhibition with pyrophosphate which is present for 1£ hours only. 
After this the pyrophosphate has exerted a marked improvement upon the 
“lactate” respiration. Inhibition of the respiration, especially during the initial 
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periods, is seen with increasing concentration of lactate alone, but this becomes 
much more marked when pyrophosphate is present; compare for instance L 
and Lpp (0*164 M). In the latter case, with the action of pyrophosphate the 
increase of 0 2 uptake over the residual has been entirely eliminated. The lactate 
at this pH (with the normal brain) does not nearly reach the level of pyruvate 
respiration, as is shown by Exp. 863. Note again that even at a higher concen¬ 
tration of lactate there is inhibition only for If hours. It is clear that the re¬ 
lations with pyrophosphate are complex. 

The above facts are consistent with the view that the substrate also at this 
pH producing the largest respiratory effect is pyruvate. Exp. 866 is explained 
if pyrophosphate is helping the conversion of lactate into pyruvate. 

It remains to be proved that pyruvic acid is formed at pH 6*6. Table IV 
gives the few experiments made upon this point. With normal brain (two 
experiments) there was a slight formation of pyruvate (B. B. S.) from lactate 

Table IV. Formation of pyruvate at p H 6-4. 

Brain tissue allowed to respire in presence of L/pyrophosphate, V or iodoacetate, 0*1 mg./ml. 
for 2 hours; after cooling 1 ml. of 25 % trichloroacetic acid added, filtered and bottles washed with 
1 ml. +1 ml. 5% trichloroacetic acid. Samples (2 ml.) analysed for bisulphite-binding substances 
(Clift & Cook) or by 2:4-dinitrophenylhydrazine. (Case as modified by Peters & Thompson.) 

Figures are mg. pyruvic acid/g. tissue formed in 2 hours, and are means from duplicate bottles 
estimated separately, except in 1146 where the two bottles were mixed and so estimated. 

Cool preparation 


Exp. 

Condition 

L 

LV 

Lpp 

LppV 

L1AA 

LIAApp 

Method 

995 

Normal 

0*9 

— 

0*53 

— 

— 

1*24 

Bisulphite-binding (BBS). 
Duplicate poor 

996 

ii 

0-51 


0*33 

— 

0*47 

081 


998 

Avitaminous 

1*66 

1*16 

2*00 

M0 

— 

— 


1146 

ii 

1*42 

0*45 

1*17 

035 

— 

-- 

Hydrazone 

BBS 

1153 

i* 

0*91 

— 

038 

— 

1*67 

1-21 


only (Exps. 995, 996); this was reduced by pyrophosphate, which increased 0 2 
uptake in 2 hours, but was again increased by adding iodoacetic acid. In the 
one experiment tried, there was more pyruvate formed in presence of pyro¬ 
phosphate. With the avitaminous brain there was less pyruvic acid present with 
the pyrophosphate in spite of the increased 0 2 . The few results justify the con¬ 
clusion that pyruvic acid is formed, though in lower amounts than at pH 7*3; 
but there is no experimental support for the suggestion that pyrophosphate 
improves the yield of pyruvate; actually it was decreased. 

Interpretation of the delayed substrate experiments . 

At first sight these experiments are much more difficult to reconcile with the 
view that the sequence of oxidation is lactate--►pyruvate. By working at pH 6*6, 
however, it is possible to dissect the reactions better. 

Exp. 863 (Table V) shows the extent of variations in the initial respiration 
which may be expected to be due to experimental error and that addition of 
vitamin to the normal has no influence, a now well-established fact; again in the 
delayed substrate experiment there is a much larger respiration with pyruvate 
than with lactate at this pH. 

The effect of pyrophosphate (Exp. 878) in the initial stages appears to provide 
a much dearer argument for the scheme proposed by Peters et a}, even than 
before. In absence of the substrate, respiration with and without pyrophosphate 
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Table V. Delayed svbstrate . 

Normal cerebrum. pH 6*6. Warm preparation. 

Additions during course of experiment at arrow J. 

0= Ringer phosphate alone; pp =pyrophosphate; P=pyruvate; L=lactate. Addition at 
arrow made to bottles after removal from the bath. Bottles refilled with 0* and returned to bath. 
Single estimations. 


Exp. 863. 
Period 


(min.).. 

. 30 

30 

30 

i 

20 

25 

36 

30 







0 

2220 

1575 

960 

LV 

765 

905 

725 

602 







V 

2020 

1475 

920 

L 

800 

815 

645 

512 







0 

2130 

1485 

925 

PV 

940 

1115 

970 

850 







V 

2060 

1462 

932 

P 

1030 

1095 

985 

860 







Exp. 878. 














Period 

(min.) 

30 

30 

30 

\ 

15 

15 

20 

15 

30 

30 





0 

1685 

1180 

730 

Ppp 

674 

800 

665 

515 

585 

460 





PP 

1370 

040 

650 

P 

1280 

1330 

1330 

1215 

1270 

1170 





Period 

(min.) 

30 

30 

30 

30 


30 

1 

15 

15 

15 

15 

15 

30 

15 

0 

1450 

1040 

754 

480 


360 

Ppp 

290 

195 

70 

218 

140 

140 

175 

PP 

1310 

855 

674 

440 


370 

P 

870 

880 

912 

962 

1070 

960 

960 


reaches approximately the same level, but upon addition of the substrate the 
difference in respiration indicates the extent of the underlying difference in the 
state of the tissue. 

The longer the addition of the substrate is delayed (Exp. 878, Table V) the 
more marked is the effect, even after an initial period of hours in which 
respiration of 0 and pp have been identical within experimental error for at least 
an hour. The reaction of the pyruvate oxidase is not a function of the respiratory 
state of the tissue, but of some reaction here improved by pyrophosphate. 

The next experiment (862, Table VI) adds the vitamin effect but introduces 
a new point. Without substrate, we see a slight effect of vitamin. When substrate 
is added after If hours, pyruvate is more effective than lactate. Lactate in the 
initial period without addition of pyrophosphate was inhibitory, in this case even 
with vitamin. Subsequent addition of pyruvate was not effective in giving a 
large respiration in the last hours unless pyrophosphate was present. 

In Exp. 1161 again lactate is less effective than pyruvate in restoring re- 
spiration after some 2 hours. This suggests that some part of the lactate oxidase 
system has broken down in this time. Further, some part of the system is better 
maintained in the presence of lactate, pyrophosphate and vitamin, viz. that 
which interacts with pyruvate. 

For stabilization of pyruvate oxidase we do not need to use large amounts of 
lactate. In Exps. 896 and 897 the chief points which need comment are that 
1 mg. of lactate in the initial period added with pyrophosphate gives a low 
respiration compared with pyruvate after 1 \ hours of respiration, but maintains 
the pyruvate oxidase system intact. This can be seen by the recovery to the value 
given by pyruvate alone in the initial period upon adding pyruvate as a delayed 
substrate. For demonstration of this maintenance 0*5 mg. of lactate upon 
occasion has proved to be effective for a period up to 2 hours (Exp. 899), the 
action of lactate in this respect requiring pyrophosphate and vitamin. In other 
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Table VI. Avitaminous and riormal brain . Delayed substrate. Vitamin and 
effect of small amounts of lactate upon stability of pyruvate . 

pH 64. Warm preparation. 

Additions at arrows. 


Exp. 862. Avitaminous (single estimations). 


Period (min.) 

... 30 30 30 

30 

26 

i 

15 

30 

30 

0 

1400 1200 1095 

795 

iiv 

630 

407 

365 

OV 

1520 1440 1135 

895 

L 

765 

585 

506 

O 

1490 1310 960 

685 

PV 

585 

464 

460 

OV 

1600 1520 1195 

950 

P 

945 

780 

700 

L 

965 — 660 — 

543 

PV 

755 

632 

610 

LV 

1455 — 1155 — 

795 

P 

655 

504 

467 

Lpp 

1160 875 805 

705 

PV 

495 

412 

370 

Lpp. V 

1320 1170 1060 

990 

p 

1045 

985 

878 

Exp. 1161. Avitaminous. 
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Exp. 896. Normal cerebrum. 
Period (min.) ... 15 

pp 1400 

Pyr pp 2730 

L 0 0037 ilfpp 2335 

L 0*0055 iMf pp (2170) 


45 

30 

30 

30 

Pyr 

995 
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455 

2460 

2150 

1950 

1980 

1720 

1480 

Pyr 

(1950) 

(1700) 

(1550) 

Pyr 


15 

20 

20 

20 

980 

1060 

1030 

990 

1700 

1550 

1460 

1350 

1810 

1680 

1620 

1560 

1680 

1615 

1540 

1500 


Exp. 897. Normal cerebrum. 
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30 

30 

30 

30 

30 

i 

15 

15 

Pyr 0*015 M pp 

2375 

2180 

2050 

1855 

Pyr 

1630 

1500 

Pyr 0*015 M, L 0*0037 M pp 

2275 

2050 

1900 

1760 

Pyr 

1550 

1415 

L 0*0037 Jf pp 

1955 

1645 

1575 

1360 

Pyr 

1655 

1520 

LOOllif pp 

1915 

1760 

1610 

1540 

Pyr 

1610 

1580 


20 20 20 

1370 1300 1205 
1265 1250 1120 
1475 1290 1225 

1400. 1300 1300 


Pyruvate at arrow added to total concentration of 0*023 M. 
Exp. 899. Avitaminous cerebrum. 
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30 

30 

30 

30 

30 

1 

15 

15 

30 

30 

L 0 0018 M pp 

1420 

1125 

980 

840 

PyrV 

850 

790 

760 

800 

LppV 

1730 

1385 

1215 

1080 

Pyr 

1275 

1300 

1140 

1110 


Table VII. Pyruvate and pyrophosphate . 


Exp. 871. Normal brain; pH 6*4; warm preparation. 
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0-15 
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O 
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750 
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PP 

1195 

910 

672 

625 

390 

Pyr0*016if 

2055 

1910 

1870 

1780 

1535 

Pyr 0*016 M pp 

2200 

1990 

1860 

1753 

1625 

Pyr 0*032 M 

1925 

1780 

1660 

14$5 

1335 

Pyr 0-032 M pp 

2010 

1890 

1645 

1510 

1290 
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experiments it has been found that at this pH pyrophosphate has very little 
influence upon the respiration of pyruvate, see Exp. 871, Table VII. 

There is inhibition here with excess of pyruvate but the pyrophosphate has 
very little influence upon 0 2 uptake. The essential point at this pH then is the 
linkage of pyrophosphate and lactate and the independence of pyruvate and 
pyrophosphate. In absence of pyruvate, lactate and pyrophosphate together 
with vitamin are essential for the maintenance of the stability of the pyruvate 
oxidase system. 

The experiments given in Table V have been selocted from a large number of attempts to 
decide these points, and 1 regard them as significant. In general I have reached the conclusion that 
the delayed substrate experiment is so much affected by problems of diffusion that it is not a 
valuable technique. It will be clear that the demonstration of these discontinuities between the 
lactate and pyruvate systems requires rather fine adjustment. The pyruvate oxidase is very 
unstable in absence of either pyruvate or vitamin at 38°, hence the decisive point in the experiment 
may often be missed. The peculiar details of the survival respiration in these mixed enzyme 
systems indicate again that the most important component is pyruvate. Tn absence of either 
lactate plus pyrophosphate or of pyruvate itself, the pyruvate oxidase system appears unstable; 
rapidly disappearing at 38°. 


Further it is dear that some component of the lactate oxidase system is also 
unstable at this pH; this might be the coenzyme in view of recent work by 
Green & Brosteaux [1936] but this needs proof. Another important component 
might be lactoflavin; hence the importance of preparing specimens under dark 
conditions, as has of late been uniformly our practice. The picture fits scheme (1) 
modified as (la), but not the old scheme (2). 

Lactate 4-0—► Pyruvate4- (w)0—► Oxidation products .(la) 

± pyrophosphate f 

Vit. Bj 


provided we assume that the pyruvate oxidase is unstable in absence of pyruvate 
or of vitamin B 1 . 

Both lines of evidence now strengthen the pyruvate oxidase theory instead of 
being opposed to it. There still remain some unreconciled data, (a) Peters & 
mi f _ . , _ , . i . .. .. Pyruvate disappearing 

Thompson [1934] could find no consistency in the ratio ^traToxygen uptake 

either at pH 7*3 or 6*6. Further, the vitamin effect was larger with lactate than 
with pyruvate; this is not immediately to be reconciled with the action of 
vitamin B, only on the pyruvate either preformed or arising from lactate. 
(6) Peters et al. [1935] found that fluoride inhibited the appearance of pyruvate 
in presence of lactate, as well as inhibiting the 0 2 uptake with pyruvate; but 
fluoride has not been supposed to stop the action of lactate oxidase, (c) The 
failure to increase pyruvate at acid pH values with pyrophosphate. 

It is believed that these difficulties can be met in future work, and that the 
bulk of the evidence is now sufficient to advance the pyruvate oxidase theory of 
vitamin B x action. In subsequent papers, we intend to deal with the question 
whether the effect is direct or indirect; our present view is that it is direct and 
that there is no evidence that it is concerned with anaerobic change in our 
experiments. Rydin [1935] it will remembered could obtain no evidence at all 
for the view that vitamin catalysed any anaerobic reaction with methylene 
blue. 

Another interpretation is now given to the experiments of Quastel & 
Wheatley [1932], with the autoxidized brain tissue; it must be true as they 
thought that they were studying the oxidation of pyruvate (or lactate), but the 

Bioohem. 1936 xxx 143 
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extent of this oxidation does not depend only upon the actual oxidation level 
before adding the substrate; it is also a function of the inherent stability of 
factors in the tissue as influenced by the preliminary period; the effect of traces 
of substrate in this period cannot be neglected* 

In case there may still be those who are uncomfortable about the applicability 
of these results upon teased brain to those obtained with organized slices of 
tissue, we may stress the similar behaviour of pyruvate in vivo and in vitro , the 
fact that we can show up calcium effects in the teased tissue, and more important 
still that the phenomena as regards pyruvate can be demonstrated perfectly well 
with slices of tissue. There is really no ground at all for thinking that the parti¬ 
cular reaction of pyruvate involving the vitamin which has been here studied 
does not take place in vivo or in the more highly organized tissue, or that the 
results are not applicable. This does not mean that in the more organized tissue 
slice some of the products of oxidation may not be brought into contact with 
other enzyme systems, and so modified. It is likely that the results are general 
for brain, as O’Brien and Peters showed formation and disappearance of pyruvate 
from lactate in rat’s brain; and very recently Sherman & Elvejhem [1936] report 
a study upon chicken’s brain which confirms in detail the work of the author and 
Thompson [1934]. 

In connexion with work upon the relation of the action of vitamin B* and 
its chemical structure, it is noteworthy that the action of the vitamin can be 
exerted at an acid reaction as well as at a pH at which there will be a profound 
alteration of the ionization of the quaternary grouping. Hence a direct relation 
to the action of this grouping is not indicated, though it is hard to believe that 
the two are not related. Possibly the ionization at the surface of the enzyme is 
changed as oompared with that in solution; the author has shown elsewhere 
[1931] that this is so for an amine group at an interface; the apparent dis¬ 
sociation constant was found to be altered by 3 pH units for palmitic amide at 
the interface benzene-buffer solution. If this applies to the quaternary group of 
the vitamin the region of dissociation would be shifted to the acid side, i.e. in 
the right direction. 

Summary of effects with pyrophosphate. 

The following facts must be covered by an explanation of the action of 
pyrophosphate. 

At acid pH values . Lactate respiration is initially reduced and later stabilized. 
Vitamin effects improved. No evidence that pyruvate formation is increased. 
Pyruvate respiration unaffected. It interacts with lactate. 

At p H 7*3. Lactate respiration initially reduced, and later improved. 
Vitamin effect improved later. Pyruvate partly inhibited. Disappearance of 
a-glycerophosphate improved [Johnson, 1936]. 

At pH 7*7. Lactate respiration inhibited up to 1*5 hours: pyruvate respira¬ 
tion inhibited. 

Though the oxidation of lactate via pyruvate is almost a postulated textbook 
step, it is important to have this clearer proof that it is an important channel of 
oxidation for lactate in brain. This work does not deoide whether it is the only 
method of oxidation; a problem which awaits quantitative investigation. 

Peters et al. [1935] found that from the 2nd to the 3rd hour with avitaminous 
tissue in lactate solution (pH 7*3), poisoned with iodoacetate, 0*924 mg. pyruvate 
was formed and some 400pi. OJg. taken up. The conversion of lactate into 
pyruvate would need about 115/d.; the residual respiration for such a period is 
usually about 250-300/d. Hence, the extra 0 2 uptake is of the right order for 
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conversion of lactate mainly through pyruvate. Much of the maintenance pro¬ 
duced by pyrophosphate with lactate must be due to the modifications in the 
early rate of oxygen uptake. 

Experimental.. 

In the experiments here described, the technique of Kinnersley et al. [1935, Appendix] has been 
followed throughout; only essential points are therefore noted in the Tables. Pyruvic acid has been 
prepared from crystals, kept frozen in cold store; it was made up to be about 53/ in amounts of 
10 ml. as required and kept at 0°. Samples were neutralized immediately before use. Ringer 
phosphate being added before the N alkali. Pyrophosphate was also freshly made up, from the 
dried Na salt. Of late it has been my practice t o add the substrate immediately before mashing the 
tissne, after weighing. After this the tissue can be allowed to stand for some time at room tem¬ 
perature. In several experiments it has been found that the 0 8 uptake at 30° and also the vitamin 
effect are not much influenced, even by a long period of shaking, up to 2 hours in air at 15-20°. 
Evidently the enzyme systems may be considered to be fixed at this pH, so that the only necessity 
is to allow time for diffusion to take place. 

Unless otherwise stated, oxygen uptakes (Barcroft differential technique) are the average of 
duplicates. Na lactate 0-035-0-043/ has been made from Zn lactate; Na pyruvate concentration 
has been 0*020 _L()-004 M according to convenience, and Na pyrophosphate (brought to pH used) 
0-00753/. In Exp. 1101 the amounts were: Li lactate 0*001 M, Na pyrophosphate 0*01 M. These 
variations do not influence the present results. Latterly it has been the practice to neutralize the 
pyruvic acid with a mixture of KOH and NaOH (*V) in ionic concentration equivalent to the rest of 
the Ringer phosphate to avoid possible K complications [Ashford & Dixon, 1935]. The expression 
“brain” refers to the mixed cerebral hemisphere and optic lobes. Crystalline vitamin (natural) 
2-5 _i 0-5 y has been added when indicated; the exact amount is not recorded, as the concentration 
is maximum and wide increase produces no further change. 


Summary. 

1. Evidence against the conception that lactate is directly oxidized to 
pyruvate in pigeon’s brain tissue as a preparatory stage to complete oxidation 
has been re-examined and rejected, so that the view can now be advanced that 
the action of vitamin is related specifically to pyruvate oxidase in its aerobic 
reaction. 

2. The course of reaction can now be represented as 

Lactate + O —► Pyruvate + (n)O —► Oxidation products 

± t 

pyrophosphate vit. B 4 

3. The best substrate for demonstrating the catatorulin effect is pyruvate. 

4. Lactate and pyruvate oxidase systems can be separated at acid pH values. 

5. Vitamin and pyruvate are necessary to ensure stability of pyruvate 
oxida&e at pH 6*6. 

I am much indebted to R. Wakelin for skilful assistance, to Mr Kinnersley 
for help, to Dr Westenbrink and Mr Sinclair for criticism and to the Medical 
Research Council for grants in part aid of these researches. 
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Oestrogenic substances can be recovered from the ovaries, placenta, urine, 
blood, faeces, bile, colostrum, testes, adrenals and pituitary [Doisy, 1932; 
Callow & Parkes, 1936], Until recently there has been no evidence of their 
presence in tissues on which they specifically act. The present paper is an account 
of their occurrence in the sexual skin of monkeys, a tissue whose activity, it has 
been found, is controlled by oestrin. 

The sexual skin in the female is generally restricted to the circumanal and 
circumgenital zones. These regions become highly coloured, and in certain 
species considerably swollen, during the first or follicular phase of the menstrual 
cycle (for details as to species variation, see Zuckerman [1930]). Male monkeys 
do not normally exhibit a sexual skin, but it has been found recently that the 
injection of oestrone induces considerable swelling of the anus, scrotum, and 
surrounding regions [Dohrn et al. f 1933; see Zuckerman & Parkes, 1936, for 
further references]. 

Both normal and experimental sexual skin and experimental scrotal swellings 
appear on section as a jelly-like avascular tissue. The tissue is either colourless 
or faintly blue; usually it is odourless, but occasionally it smells unpleasantly. 
The cut surfaces exude a pale straw-coloured grumous fluid, which in amount 
varies with the extent of surface and the degree of swelling. 

The effect which sexual skin swelling has on the water balance is discussed 
elsewhere [Krohn & Zuckerman, 1936]. 

Material and technique. 

Tissues from three female Hamadryas baboons (Papio Hamadryad), a female 
Ghacma baboon (P. porcarius ), a male Hanuman langur (Presbytia entellus), and 
sixteen male and female rhesus monkeys (Macaca mulatto ), were used in this 
investigation. 

Sexual akin swelling in baboons is considerable, and is confined to the skin immediately sur¬ 
rounding tho vulva and anus. Corresponding changes do not occur in the Hanuman langur. In 
the rhesus monkey the changes vary with age. In the pubertal female the first phase of sexual 
skin activity mainly takes the form of a blister-like swelling of the tissues immediately ventral to 
the pudendal cleft, the swelling being somewhat pear-shaped. The body of the pear is in front, and 
is formed by the expansion of a transverse pubic flap of skin, usually referred to as the scrotal 
folds; the apex of the neck of the pear is formed by the praeputium clitoridis. The degree of 
blister swelling decreases in successive phases of sexual skin activity, and in adolescence the pubic 
swelling is not so much oederaatous as rugose, and the area affected extends more and more away 
from the genital region. In some cases, lobulated swellings reach well above the iliac crests. In 
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fully mature rhesus females swelling of the sexual skin iB unusual, the only obvious change under¬ 
gone by the skin being one of colour. The extent of the area that colours is variable, but the most 
intense coloration occurs in the sexual skin proper, the area immediately surrounding the pudendal 
cleft and anus. 

The corresponding changes that can be experimentally induced in the young male rhesus show 
the same variations in character relative to the length of the time during which oestrin is admin¬ 
istered. The first change noticed, towards the end of a week’s injections of 100 y of oestrone daily, 
is a thickening of the scrotal skin and an eversion of the anal margin. From that time onwards 
the changes are rapid. By the middle of the second week the anus usually forms a prominent 
tense and deep-red swelling, which logins to be resorbed about the end of the second week of 
injections. The scrotum and penile Bheath become more and more swollen, the swelling, as in the 
pubertal female, being pale pink and somewhat transluoent. As the period of injections extends, 
the scrotal swelling decreases, and the reactive area, as in the female, becomes more extensive. 

The material examined comprised sexual skins, exudate of the sexual skin, 
and a number of other tissues, all of which are denoted in Table I. 


Table I. Tissues tested for oestrogenic action . 




Sexual 

Sexual 



Kidneys, 

Stri¬ 

Extra¬ 

Mam¬ 



Bkin or 

skin 

Blood 


spleen, 

ated 

genital 

mary 

Species 

Number 

scrotum exudate 

serum 

Liver 

pancreas 

muscle 

skin 

gland 

Papio Hamadryas 

E.U.2 

X 

— 

— 

— 

— 

— 

— 

— 

»* 

E.U.4 

X 

X 

— 

— 

— 


— 

— 

>» 

E.U.5 

X 

— 

X 

— 

— 

— 

— 

— 

Papio porcarius 

O.M. 103 

X 

X 

X 

X 

X 

X 

... 

— 

Presbytia entellus 

O.M. 82 

— 

— 

X 

— 

— 

— 

— 

— 

Macaca mulatto 

O.M. 60 

X 

— 

— 

— 

— 

— 

— 

— 

** 

O.M. 63 

X 

— 

X 

— 

— 

— 

— 

— 

tt 

O.M. 72 

X 

— 

X 

— 

— 

— 

— 

— 


O.M. 73 

X 

— 

— 

— 

— 

— 

— 

— 

ft 

O.M. 24 

X 

— 

— 

— 

— 

-- 

— 

— 

»» 

O.M. 36 

X 

— 

— 

— 

— 

— 

— 

— 

it 

O.M. 79 

X 

— 

X 

X 

X 

X 

X 

X 

it 

O.M. 19 

X 

— 

— 

— 

— 

— 

— 

— 


O.M. 23 

X 

— 

— 

— 


— 

— 

— 

it 

O.M. 25 

X 

— 

— 

— 

— 

— 

— 

— 

it 

O.M. 40 

X 

— 

— 

— 

— 

— 

— 

— 

it 

O.M. 41 

X 

— 

— 

— 

— 

— 

— 

— 

it 

O.M. 42 

X 

— 

— 

— 

— 

— 

— 

— 

it 

O.M. 135 

X 

— 

— 

— 

— 

— 

— 

— 

it 

O.M. 136 

X 

— 

— 

— 

— 

— 

— 

— 

it 

O.M. 137 

X 

— 

— 

— 

— 

— 

— 

— 


Tissues from both normal and experimental animals were used, some of the 
normal animals* being in an active, others in a quiescent sexual skin phase. The 
experimental animals had been injected either with oestrone alone, with both 
oestrone and progesterone, with oestrone and cholesterol, or oestrone and epi- 
cholestanol (the injections having been given primarily for the purpose of another 
investigation). Except where otherwise stated in Column 4 of Table II, all 
injections were given daily for 14 days. 

Animals which had been injected with two preparations were included in 
the present investigation since the results of the injections Bhowed plainly that 
the effects of oestrone dominated those of the other injected substance—at least 
in so far as external changes are concerned. The character of the scrotal and anal 
swellings in these animals was no different from that in animals injected with 
oestrone alone. 

Care was taken in the treatment of the experimental anmqyals to keep the 
point of injection as far from the scrotal region as possible, so as to obviate any 
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Table H. 

Condition of animals studied . 









Epicbo- 

Chole¬ 



Degree of 

Oestrogenic 



Body 



Proge¬ 

lestanol 

sterol 

Days of 

sexual skin 

activity of 

Designation 


wt. 

Oestrone 

sterone 

(mg./ 

(mg./ 

treat¬ 

swelling at 

extracts of 

of animal 


(kg-) 

(y/day) 

(y/day) 

day) 

(day 

ment 

death 

sexual skin 

O.M. 24 


3-4 

50 

_ 

_ 

_ 

14 


Moderate 

Negative 

O.M. 36 

$ 

2-5 

50 

— 

_ 

— 

14 


Pronounced 

»» 

O.M. 79 

3 

2-9 

100 

_ 

_ 

— 

15 


»» 

Positive 

O.M. 19 

6 

3*1 

200 

500 


— 

14 



Negative 

O.M. 23 

<J 

31 

50 

400 


— 

14 


Slight 

Positive 

O.M. 25 

o' 

4*3 

50 

300 

— 

— 

14 


Pronounced 

Negative 

O.M. 40 

4 

4*1 

50 

500 

— 

— 

14 



ii 

O.M. 42 

4 

40 

50 

1000 

— 

— 

14 


II 

it 

O.M. 135 

a 

21 

100 

— 

— 

5 

14 


Moderate 

ii 

O.M. 136 

rS 

2*4 

100 


5 

— 

14 


Pronounced 

ii 

O.M. 137 

£ 

3*0 

100 

— 

10 

— 

14 


99 

ii 

E.U. 4 

9 

10*0 


r 

— 

— 

_ 


r 

Full 

Positive 

E.U. 2 

$ 

10*7 



— 

— 

— 



»• 

Negative 

O.M. 105 

? 

14*6 



— 

— 

— 

1 


Abnormally 

Positive: 




H 





1 


persistent 

slight 

E.U. 5 

0 

— 

i- 


— 

— 

— 

J- 


None 

Negative 

O.M. 60 

9 

4*9 

£ 


— 

— 

— 



II 

ii 

O.M. 63 

y 

3*4 



— 

— 

— 

£ 


tf 

M 

O.M. 72 

't 

3*4 



— 

— 

— 



II 


O.M. 73 

4 

5*4 



— 

— 

— 



M 

. *» 

O.M. 82 

+ 

o 

4*1 

200 

— 

— 

— 

39 

It 

— 

O.M. 41 

■i 

3*6 

50 

750 

— 

— 

14 


II 

Negative 


possibility of the introduction of the hormone into tissue which was later to be 
extracted. Injections were given intramuscularly. 

The cutaneous and subcutaneous tissues comprising the sexual skin or 
scrotum were completely dissected at autopsy from the underlying muscle. The 
swollen sexual skins in the three baboons, E.U. 2, E.U. 4 and O.M. 105, weighed 
0*9 kg., 1*092 kg. and 3*574 kg. In the case of the male rhesus monkeys the anus 
and surrounding skin when swollen were occasionally included with the scrotum, 
the maximum weight of oedematous tissue extracted in the case of any male 
monkey being 165 g. 

With the exception of two samples of exudate from the sexual skin, and 
certain of the blood sera, which were injected into test mice without previous 
extraction, all the tissues tested were first extracted for oestrin according to the 
method outlined by Parkes & Bellerby [1926]. 

Experimental results. 

The preparations were tested for oestrogenic activity by the standard 
method on gonadectomized mice. Control tests were also run, with the same 
technique of injection and vaginal examination, using a suitably diluted solution 
of crystalline oestrone, kindly provided by the Department of Biological 
Standards, National Institute for Medical Research. 

Clear positive results were obtained only with the sexual skin (or scrotum) 
of O.M. 23, E.U. 4 and O.M. 79, with the exudate of E.U. 4, and the livers of 
O.M. 79 and O.M. 105. 

Sufficient material for complete biological assay was available only in the 
case of the first two, which contained the equivalents of 95 y and 27 y per kg. 
of tissue respectively. The amounts present in the other four were in the region 
of 6 y per kg., 67 y per litre of exudate, and 15 y and 7 y per kg. respectively. 

Evidence of some oestrogenic activity (i.e. pro-oestrous smears) was also 
provided by several of the other tissues examined (e.g. O.M. 105, sexual skin, 
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O.M. 105, exudate of sexual skin). Completely negative results were obtained 
with the blood serum of O.M. 82, using amounts of extract equivalent to 11 ml. 
of serum, and with the blood serum of O.M. 79 (7 ml. of serum). A pro-oestrous 
smear was obtained with the equivalent of 50 ml. of the blood serum of O.M. 105. 
The equivalent of 60 g. of the striated muscle of O.M. 105 proved negative, as 
was also the equivalent of 30 g. of the extra-genital skin of O.M. 79. No in¬ 
dications of oestrogenic potency were given by extracts of the tissues of any of 
the normal animals which at autopsy were in a quiescent sexual skin phase. 

Our failure to obtain more conclusive results was due not only to the small 
amounts of tissue available for extraction but also to the difficulty of securing 
emulsions for injection which were on the one hand sufficiently concentrated and 
on the other sufficiently fluid. 

Discussion. 

Since our methods of extraction were relatively crude and did not include 
preliminary hydrolysis, the many negative results we obtained cannot be taken 
to indicate that the tissues concerned were free of oestrogenic substance. On the 
other hand, our positive results show that some free oestrin, the term being used 
to denote unspecified oestrogen, is present in the sexual skin, the fluid of the 
sexual skin and the liver. Since several swollen sexual skins gave negative 
results, no particular weight can be attached to the fact that negative results 
were always obtained with tissues from animals whose sexual skins were inactive. 
Moreover our data do not provide any explanation for the varying amounts of 
oestrogen found in the swollen sexual skins or oedematous scrota we examined. 
It is significant, however, that positive results were obtained with both the 
naturally and the experimentally active circumgenital skin, and that four out of 
fourteen swollen skins yielded active extracts, whereas none of the seven which 
were not swollen gave positive results. 

The completely negative result obtained with the blood serum of O.M. 82 
should be noticed in the evaluation of these facts. Frank et al. [1932] have shown 
that intravenously injected oestrin very rapidly ceases to be identifiable in the 
blood. Fee et al. [1929] found the same with the help of a heart-lung-kidney 
preparation. If no oestrogen could be extracted from the blood of an animal 
which had reocived as much oestrone as O.M. 82 had (200y daily for 39 days), it 
is very unlikely that the oestrogenic substance we did succeed in extracting 
from three sexual skins and two livers was in solution in the blood contained in 
these organs. 

It is well known that large amounts of oestrin are present in the urine of 
pregnant women'. Cohen et al. [1935] found that only 1 % of the oestrin present 
during the first 8 months of gestation is “free”, the rest being “combined” (in 
the case of oestriol, in the form of an oestriolglucuronide; Cohen & Marrian 
[1936]). According to Zondek [1934], most of the oestrin injected into an experi¬ 
mental animal is converted into the 4 ‘ combined * ’ form, and then stored in striated 
muscle. He believes that the process of combination takes place in the liver, 
and our finding of “free” oestrin in that organ may be related to his view. 
Frank et al. [1935] have recently been able to liberate, by some method of which 
the steps are not given, large amounts of oestrogen from striated muscle (up to 
8000 M.U. per kg. dried muscle). A similar amount was extracted from a human 
uterus removed during the intermenstrual period; and, by postponing ether 
extraction to the later stages of purification, the yield from blood has also been 
increased fourfold [Frank & Goldberger, 1935]. In the circumstances it is 
reasonable to suppose that the yield from an active sexual skin would be 
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increased after preliminary hydrolysis; we propose to investigate this point as 
soon as further material and facilities become available. 

The possibility that the presence of “free” oestrin in the sexual skin and in 
its interstitial fluid is indicative of selective concentration at a site of action 
requires investigation. It is not unlikely that oestrin is “absorbed ” by the cellular 
elements of the swelling in the sense in which Zondek states it is by striated 
muscle. If it were, it would presumably be absorbed in the “combined” form. 
Accordingly, if the sexual skin proves to be a localized part of the body's sub¬ 
cutaneous tissues in which oestrin is stored, it may prove to be possible to relate 
the oedematous process which it undergoes to the fairly generalized oedema 
which is a not uncommon occurrence in human pregnancy, during which the 
major part of the oestrin elaborated becomes combined, presumably in the 
tissues. 

Our finding of “free” oestrin in a tissue which is specifically sensitive to the 
hormone is also of interest in view of the opinion that the occurrence of oestro¬ 
genic substances in benign tumours is indicative of their aetiological responsi¬ 
bility for the condition [Geschiekter el al, 1934; Ingleby, 1935; Witherspoon, 
1935]. The practical importance of this view clearly indicates the necessity for 
the further investigation of the probable normal selective concentration of 
oestrin at a site of action. 

Summary. 

Various tissues of eight normal monkeys and thirteen monkeys which had 
been injected with oestrone were tested for oestrogenic potency. Positive results 
were obtained with the active sexual skin, the exudate of the sexual skin, and 
the liver. 

The monkeys and baboons used in this study were bought with the aid of 
grants to S. Z. from the Medical Research Council and the Eugenics Society 
respectively. We wish to express our best thanks to Dr A. E. Russell for her help 
with the earlier tests and to Mr A. E. Wilhelmi for his assistance with the 
extractions. 
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The circulation of the bile acids has been recognized for some time. Schiff [1870] 
showed that bile given per os acted as a cholagogue. Tschemoff [1884] pointed 
out that the cholic acids were partly resorbed from the intestines, carried to the 
liver and again secreted with the bile. Later this inference was made and 
experimentally supported by several investigators. Copeman & Winston [1889] 
and Pfaff and Batch [1897] showed that this circulation probably occurs even in 
man. Prom experiments with bile-fistula dogs Whipple & Smith [1928] con¬ 
cluded that of the bile acids normally excreted only about one-seventh was 
freshly formed, the rest having been resorbed and then carried to the liver. 

Very little is known, however, about the mechanism of this resorption. 
Verzar & Kuthy [1930] have shown that the bile acids from the intestinal 
contents are partly adsorbed to the surface of the mucosa, whence they pass the 
outer cellular walls together with the fatty acids as water-soluble or molecular- 
disperse choleic acids. These compounds, however, must be at least partly 
decomposed already in the epithelial cells, because here fat globules in great 
quantities are microscopically visible after a fat meal. The liberated bile acids 
then, according to Verzar [1931], return to the lumen surface of the cells to 
combine with new fatty acids. Thus this theory accounts only for the first step 
in the resorption of the bile acids themselves. 

The purpose of our experiments was to try to trace the further paths 
followed by the resorbed bile acids from the intestinal mucosa to the liver ; 
either they might follow the fats in the lymph through the thoracic duct in the 
form of free bile salts or as choleic acids, or they might diffuse through the 
walls of the blood capillaries into the portal system. In the former case they 
would have to be mixed with the systemic blood before reaching the liver; 
in the latter case they would be carried by the portal blood directly to the liver. 
The scanty data in the literature bearing on this question give very conflicting 
information. 

Experimental. 

In our experiments we have, after laparotomy, injected strong bile acid 
solutions into the small intestines of animals. By following the bile acid contents 
of portal blood as well as of systemic (heart) blood we believe that we have been 
able to trace the paths of these acids. 

The animals were anaesthetized during the whole experiment. The samples 
of systemic blood were always taken by heart puncture (with the exception of 
the horse, Table III), The portal samples were taken after laparotomy with a 
syringe with a very fine curved needle, and the hole was instantaneously closed 
with a small clamp. Before the injection we always took initial samples both 
of systemic and portal blood. The bile salts used were prepared according to 
0. Hammarsten and were very pure; some sodium phosphate was always added 

( 2224 ) 
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to the solutions. The solution was injected through a fine needle into the jejunum. 
Between the portal blood-samplings the laparotomy was closed with clips so that 
the intestines should not become cold or dry. All the experiments were made 
between 12 noon and 6 p.m. The bile acid analyses were carried out according 
to Josephson [1935]. 

All the figures for the bile acid content of the blood are expressed as mg. per 
100 ml. In the tables h. signifies systemic (heart) blood and p. means blood from 
the portal vein. 

In Table I are given the results of some of the experiments on healthy 
animals. 

The cholic acid values in the portal blood were always significantly increased 
after the injection of the bile salt solution into the intestine. In most cases the 
values in the systemic blood were also slightly increased. It must be mentioned 
that Greene et al. [1928] also found an increase of the bile acids in the portal 
blood after administration per os \ their methods however were not very reliable. 

In the hope of obtaining more decisive figures we have also tried to inject 
bile salt solutions into the intestines of animals with jaundice, caused by 
ligation of the common bile duct some time before the experiment. This plan 
was unsuccessful with rabbits, since they usually became very weak when 
jaundiced and always died during the second operation. With cats we had more 
success, and in Table II arc given the results with two of these animals ; cat 6 
first received an injection of water as a control. 

The increase of the bile acid content of the blood is of course much larger 
in these experiments in which their elimination was delayed, but the difference 
between portal and heart bloods is of the same order of magnitude as in the 
previous table. 

As a complement to the blood values after resorption, we also wanted to 
analyse the chyle after injection of cholic acid into the intestines. For this 
purpose we could not use small animals, since 5 ml. of lymph were necessary for 
an analysis. We therefore examined samples of thoracic lymph from five different 
recently slaughtered cows. To our surprise we found that all the samples were 
devoid of detectable quantities of cholic acids, all the values being within the 
limits of error of the method, that is between 0 and about 0-3 mg./lOO ml., 
yet cows normally have a rather high bile acid content in the blood, usually 
3-4 mg./lOO ml. It may be mentioned that with the method employed even 
those cholic acids are determined which are conjugated as choleic acids. 

For the purpose of getting a lymph analysis after injection of bile salts into 
the intestines we now used a horse as test animal. The horse has a very large 
cisterna chyli, and the thoracic duct has a diameter of about 5 mm. We thus 
succeeded in getting 35 ml. lymph, 80 min. after the bile acids had been injected 
and shortly after the killing of the animal. 1 As anaesthetics chloral and 


Table III. 


17,i. Horse, about 500 kg. chloral 4* chloroform. 


Injected into the 
intestine 

21. Na glycocholate 
10%+oIeic acid 5 % 


Blood 


Initial value 


h. 

1-3 


P- 

2-3 


1 hour 


Lymph 


Choi, acids 
h. p. mg./lOO ml. 

2-2 64 0,0-2,0,04 

Average 0*15 


Lipoids 

% 

1-05, 1-78 
1-71 


1 We are indebted to Prof. Forssoll, Prof. Palmgren and Dr Dolk at the Veterinary High- 
school of Stockholm for their kindness in helping ns to o&rry out this experiment. 
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chloroform were used. The lipoid content of the lymph was determined by 
extraction with alcohol-ether (3:1), evaporating and weighing. The results 
are shown in Table III. 

Even the horse lymph proved to be absolutely free from cholic acids after 
the injection into the intestine, in spite of the fact that the lipoid value was 
fairly high, and though the bile acids were evidently increased in the portal 
blood. 

Discussion. 

In a paper which will soon appear we propose, together with Jungner, to 
report experiments which show that even large amounts of bile acids injected 
into a peripheral vein of a healthy animal disappear from the blood almost 
immediately. If the acids are injected into a vein of the portal system the 
content even in heart blood is markedly higher. 

For this reason we may suppose that if the bile acids were resorbed only by 
the lymph vessels and carried to the peripheral blood, we would scarcely have 
found any rise at all in the blood content. If they were resorbed by the portal 
vein, however, we might have found an increase in the portal and possibly also 
in the peripheral blood. The latter is indeed the case, as Table I shows, and the 
increase corresponds to a much higher resorption than would appear from a 
superficial estimate. Schwicgk 11932J has shown that the velocity of flow in the 
portal vein can be increased more than 200 %, for instance by cooling or by the 
presence of (especially fat) food in the intestines. Even a rise in the blood bile 
acids increases this velocity, which of course must again decrease the cholic 
acid content. 

This does not exclude the possibility that there is a simultaneous resorption 
by the lymph vessels. If however a bile salt solution is injected peripherally into 
an animal with the bile duct ligatured, there will appear a much larger and more 
prolonged increase of the blood bile acid content than in normal animals. The 
figures in Table II show that even in animals thus jaundiced the elevation of 
the bile acid content of the systemic blood is evidently lower than that of the 
portal blood after resorption of bile acids. 

The final evidence that cholic acids are not resorbed by the lymph vessels is 
given by the analysis of the lymph samples from cows and a horse, where no 
cholic acid at all could be found, even after injection into the intestines of 
200 g. Na glycocholate and during resorption of fats. 

By the experiments related above we believe it to be demonstrated that the 
bile acids, when being resorbed, do not follow the fatty acids through the lymph 
vessels but diffuse into the portal blood and are carried to the liver. This means 
that the choleic acids must be decomposed into fatty and bile acids immediately 
after passing the epithelial layer of the mucosa, and that the two substances 
thus after the common resorption follow different paths. 

This may also have a clinical interest for bile acid therapy which is now 
frequently used. When the bile acids are given per os they will probably never 
appear in the peripheral blood if the liver is undamaged, whilst in certain cases 
of liver injury they may possibly be found there in a low concentration. 

The investigation was aided by a grant from the foundation “Therese och 
Johan Anderssons Minne”. 
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The differentiation of proteins is made uncertain by their complexity and 
instability, by the difficulties of separation and by the inapplicability of many 
of the usual criteria of chemical purity. For example, the position with regard to 
the existence and interrelation of different serum globulins is still highly con¬ 
troversial [Hardy & Melianby, 1905; Chick, 1914; Sorensen, 1925; Hewitt, 1927; 
Mutzenbecher & Svedberg, 1933]. It is generally agreed that serum albumin and 
globulin are separate and distinct fractions and, since serum albumin can be 
obtained in a crystalline condition, there should be less difficulty than with most 
proteins of isolating it in a reasonably pure state. Grave doubts have, however, 
been expressed from time to time as to whether serum albumin is a single 
chemical compound or a mixture. Differences in heat coagulability [Halliburton, 
1884], solubility [Sorensen, 1930], and carbohydrate content [Hewitt, 1934] have 
been observed, but despite the indications given in experiments of this kind, 
definite and conclusive proofs of the existence of different serum albumins have 
not been easy to obtain. The starting point of the present investigation was the 
observation recorded in a previous communication [Hewitt, 1934] that by 
fractionation with ammonium sulphate it was possible to separate albumin into 
fractions of widely different carbohydrate content. The present communication 
describes the separation of horse serum albumin into two fractions which can be 
distinguished readily by chemical or physical methods. 

Methods of fractionation. 

The aim of the experiments was to separate albumin into two main fractions, 
the crystalline fraction which separates first from ammonium sulphate solutions 
and the most soluble fraction remaining in the mother-liquors. 

The general method of obtaining crystalline albumin has not been altered 
fundamentally for over 30 years [Hopkins & Pinkus, 1898]. Frequent alterations 
in pH tend to have deleterious effects on serum proteins, so the procedure of 
Adair & Robinson [1930] of dissolving the crystals in ammonium acetate solution 
and reprecipitating with acid was avoided. Prolonged dialysis is. a further 
source of possible change in the proteins and this was also obviated. Although 
alcohol-ether extraction at low temperature is an efficient method of obtaining 
stable preparations of proteins in the dry state [Hardy & Gardiner, 1910; 
Hartley, 1925; Hewitt, 1927], this procedure was rejected on the ground of 
possible criticism [McFarlane, 1935]. 

The main points in the present method are that oxalate plasma was used 
instead of serum, that the plasma was diluted with an equal volume of water 
before addition of saturated ammonium sulphate solution, that the globulins 
were removed as usual by 50 % saturation with ammonium sulphate, and that 
crystallization in the 50 % saturated ammonium sulphate filtrate was effected by 
addition of acetic add and not sulphuric acid. 

( 2229 ) 
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In order to save space details will be given of only one fractionation process, 
in which fractions A 8 , B, C and D were isolated. 

The plasma from oxalated horse blood was diluted with an equal volume of 
water, saturated ammonium sulphate solution was added to make the mixture 
50% saturated with ammonium sulphate and the globulins were removed by 
filtration. To 100 3. of the clear filtrate (corresponding to 251. of plasma) were 
added 160 ml. of glacial acetic acid. After a short time crystallization com¬ 
menced and this was allowed to continue overnight. The crystals were filtered off 
and redissolved in 101. of water and insoluble green-coloured material was 
filtered off, 9*51. of clear filtrate being obtained. To this was added saturated 
ammonium sulphate solution (5-7 1.). The crystals which separated were filtered 
off and redissolved in 31. of water, the solution being clarified by passing it 
through a Sharpies centrifuge. 1650 ml. of saturated ammonium sulphate 
solution were added to the clear solution and the fine needles which separated 
out were filtered off, dried in towels and dialysed in cellophane bags against 
running water for 48 hours. In this way fraction A 3 (yield about 73 g., calculated 
as dry weight of protein) was obtained. 

To the filtrate of the first crystallization (97 1.) was added more saturated 
ammonium sulphate solution (201.) and glacial acetic acid (100 ml.). The pre¬ 
cipitate produced (fraction B) was dried and dialysed as described in the case of 
fraction A 3 , the yield being about 76 g. To the filtrate of the second crystal¬ 
lization 51. of saturated ammonium sulphate solution and 50 ml. of glacial 
acetic acid were added and the precipitate was collected as described previously. 
In this way fraction C, yield about 73 g., was obtained. The filtrate from the 
third crystallization (41.) was also treated with saturated ammonium sulphate 
solution (2-51.) and fraction D was obtained (yield 4*8 g.). 

As a result of other fractionations the following fractions were obtained: 
E 8 was a crystalline albumin obtained from 100 1. of the 50 % saturated am¬ 
monium sulphate filtrate (corresponding to 25 1. of horse plasma). The fraction 
had been recrystallized eight successive times and was obtained in a yield of 
about 117 g. One quarter of this preparation was subjected to four further 
recrystallizations making twelve recrystallizations in all, this yielding fraction 
® 12 * 

Fraction H x (50 g.) was a soluble fraction obtained from the mother-liquors of 
1001. of 50% saturated ammonium sulphate filtrate after two less soluble 
fractions F 4 and G had been removed. F 4 appeared to contain globulins and was 
not further investigated, whilst the intermediate fraction G was obtained in a 
final yield of about 147 g. 

Nitrogen content and protein determinations . 

The discrepancies between the figures given for the nitrogen content of 
proteins by different investigators are very remarkable. Two comparatively 
recent investigations in which this matter received detailed consideration yielded 
very different results. For serum albumin Adair & Robinson [1930] found a 
nitrogen content of 15*6 %, whilst Smith et al . [1932] give a figure of only 13*8 % 
of nitrogen. It appears that there must be some difference in experimental 
conditions to account for the divergence. 

For nitrogen determinations in the present investigation a modification of the 
micro-Kjeldahl method using the Pamas and Wagner apparatus was employed. 
The dry weights of the proteins were determined in some cases by drying in vacuo 
over sulphuric acid and in others by coagulating the protein by heating at the 
isoelectric point and drying with alcohol and ether. The nitrogen content 
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observed in the case of crystalline fractions was from 14-1 to 14-4% (mean 
14*2 %). In the case of the very soluble fractions however the nitrogen content 
is much lower (about 12*9%). The low nitrogen content of the soluble fractions 
is explained, as will be shown later, by the very high carbohydrate content of 
these fractions but it is surprising that the crystalline fractions have so much 
lower nitrogen contents than those of Adair and Robinson. Since the nitrogen 
content has been an incidental determination in the present investigation, whilst 
Adair and Robinson directed special attention to the point, it is not advisable 
unduly to stress the present figures. The specific refractive increment was deter¬ 
mined roughly with an Abb6 refractometer and gave a mean value of 0*00177. 
This value is lower than Adair & Robinson’s figure of 0*00183 but again these 
investigators devoted much greater attention to the point. 


Carbohydrate contents of fractions . 

The carbohydrate content was found to be a valuable index to the course of 
the fractionation. As described previously [Hewitt, 1934] the method used for 
determining carbohydrates was that of Sorensen & Haugaard [1933]. It may be 
reiterated here that the solutions to be used for photometric examination must 
Ixs kept shielded from light and that the values for the protein blank deter¬ 
minations are unreliable and may be ignored. As the result of the combined work 
of the investigators just mentioned and of Frankel & Jellinek [1927], Levene & 
Mori [1929], Rimington [1931] and Bierry [1934], it seems probable that the 
carbohydrate group present in serum proteins is a polysaccharide containing 
equimolecular amounts of galactose, mannose and glucosamine. No results 
obtained during the present work presented any serious evidence to contradict 
the conclusions reached by other workers. Hence all results quoted will be based 
on the assumption that the carbohydrate present is galactose-mannose-glucos- 
amine (for brevity referred to as g.-m.-g.). The protein content was calculated 
with the use of the protein . nitrogen factor 7*0. The carbohydrate content of 
the total albumin fraction of serum is usually about 2*8% (g. of g.-m.-g. 
per 100 g. of protein). The fractions now described have the following carbo¬ 
hydrate contents: 


E u E* A a G C D B H 

Carbohydrate 005 0*08 M8 1-80 2-46 3-96 7-3 8*5% 

The fractions may be divided roughly into three classes: (i) the highly purified 
crystalline fractions E 12 and E 8 with so small a carbohydrate content that it 
cannot be determined accurately, and may be ignored; (ii) the intermediate 
fractions; and (iii) the soluble fractions B and H from the mother-liquors con¬ 
taining up to 8-5 % of carbohydrate. Our chief attention will be devoted to the 
two end fractions since the intermediate fractions behave as mixtures of the 
high- and low-carbohydrate content fractions. In each case the crystalline, 
sparingly soluble fractions have the low carbohydrate content (in the most 
highly purified fractions no appreciable amount) and the soluble fractions from 
the mother-liquors have high carbohydrate contents. Fraction B was diluted, 
and heated in a boiling water-bath at the isoelectric point to coagulate the 
protein and the precipitate was centrifuged down and washed with alcohol and 
ether. When redissolved the coagulum was found to contain 7*8 g. of g.-m.-g. 
per 100 g. of protein, so that the polysaccharide had not been removed by boiling 
water, alcohol or ether. When hydrolysed with boiling hydrochloric acid for a 
Bioohem. 1936 xxx 144 
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few minutes no glucosamine could be detected in E 8 using the method of Elson & 
Morgan [1933]. With B, glucosamine was detected but could not be determined 
accurately owing to the large amount of humin formation during the hydrolysis. 


Humin formation . 

It has been suggested [Gortner, 1916] that humin formation is due to the 
interaction of carbohydrates and certain amino-compounds. It is not surprising 
therefore that E 8 and E 12 , which are free from carbohydrates, remained colourless 
when hydrolysed with hydrochloric acid whilst B and H, with their high carbo¬ 
hydrate content, gave rise to large quantities of humin under the same conditions. 


Optical rotations . 

The value of optical rotatory powers in differentiating optically active com¬ 
pounds suggested its use in the investigation of the albumin fractions. A 
Bellingham and Stanley polarimeter fitted with direct-vision spectroscopic eye¬ 
piece was used, and a mercury vapour lamp provided the light source. The 
mercury green line (A=5461 A.) was used throughout the measurements. 

It will be seen in Table I that the rotations measured varied from [a] 6481 
— 57-1° in the case of H up to —70*8° for E 12 . The most soluble proteins had the 
lowest rotatory powers and the crystalline specimens the highest rotations, there 
being a graded variation amongst the intermediate fractions. 


Table I. Some properties of the, different fractions. 


Fraction 

Carbohydrate 
content, g. of 
g.-m.-g. per 100 g. 
protein 

Optical rotation. 

l«W 

E ia 

0*05 

- 70*8° 

E 8 

0-08 

- 70*2 

A, 

1*18 

-66-5 

G 

1-80 

-66*8 

C 

2-46 

-010 

D 

3*90 

-00*3 

B 

7*3 

-57*2 

H 

8*5 

-57*1 


Van Slyke 
amino-nitrogen, 
g. per 100 g. 
protein 

107 

0-90 

0-87 

0-85 

0-82 

0-79 

0-66 

0-65 


Two observations on these figures should be made here. First, the proteins 
were not treated with alcohol and ether as described in a previous communication 
[Hewitt, 1927] for reasons stated in a previous section and hence the optical 
rotations are not directly comparable with those in the former paper. Second, 
the calculation of specific rotatory power is based on the nitrogen content of the 
proteins, using a constant protein: nitrogen factor of 7-0. If the dry weight of 
the proteins be used the difference between the crystalline albumin and the 
soluble fractions is even greater, since the specific rotation of fraction H, for 
example, is reduced to — 50-1° whilst the figures for the purest crystalline 
specimens remain at —70*8°. 

Titration curves . 

Titration curves indicated a higher base binding capacity by the purest 
crystalline fractions than by the more soluble mother-liquor fractions. This 
difference was greater when formaldehyde was added before the titration. 
Typical curves for the fractions E 8 and H in the presence of about 7 % formalde¬ 
hyde are given in Fig. 1. The glass electrode was used for these measurements. 
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Van Slyke amino-nitrogen. 

Since the electrometric formaldehyde titration curves indicated a difference 
between the different fractions, amino-nitrogen determinations were performed 
using the Van Slyke micro-method. The nitrous acid was allowed to react for 
4 min. at 20°. It will be seen in Table I that there is a gradation in the free 
amino-nitrogen figures of the different fractions, the purest crystalline albumins 
having the highest amino-nitrogen content (E 12 = 1-07 % amino-nitrogen) whilst 
the most soluble fractions had the lowest figures (H=0-65%). The results are 
quoted in terms of g. of amino-nitrogen per 100 g. of protein. 



Fig. 1. Titration curves of fractions in presence of formaldehyde. 

Heat coagulation. 

Protein solutions were diluted to contain about 1% of protein in 0*85% 
sodium chloride solution, the pH was adjusted to a value of 4*7 to 4*8 and the 
solutions were slowly warmed in a water-bath. The crystalline albumin fractions 
began to coagulate at 60° but the most soluble fractions B and H behaved very 
differently. It was particularly difficult to coagulate H; very careful adjustment 
to the isoelectric point had to be made. Some coagulation began in these 
fractions at about 80° but the supernatant fluid was opalescent and not clear, 
and the coagulum was not granular but of soft consistency. 

The fact that the crystalline low-carbohydrate fractions coagulate at 60° 
whilst the soluble high-carbohydrate fractions did not coagulate below 80° 
suggested the interesting possibility that separation of the fractions might be 
effected by coagulating a mixture at a temperature a little above 60°. 

Hence a sample of albumin containing the total albumin fraction of horse 
serum (carbohydrate content 2-6 g. of g.-m.-g. per 100 g. of albumin) was sub¬ 
jected to a fractional coagulation process. The first coagulation was effected by 
heating at 62-64°, the coagulum I was centrifuged down, the mother-liquor 
was reheated and coagulum II collected by heating at 64r-66° and so on. The 
precipitates obtained were dissolved in dilute alkali and analysed for nitrogen 
and carbohydrate content. The results are given in Table II. 


144—2 
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Table II. Fractional coagulation of sample of serum albumin . 


Fraction 

Coagulation 

temperature 

Volume of 
solution 
ml. 

Nitrogen 

content 

0 / 

/o 

Carbohydrate 
g. of g.-m.-g. pr 
100 g. protein 

I 

61-62° 

5 

0*196 

3*8 

II 

64-66° 

2 

0*038 

4*8 

III 

72-74° 

2 

0*030 

2*1 

IV 

77-81° 

2 

0*016 

2*7 

V 

93-100° 

2-2 

0008 

4*5 

M. L. 

Not coagulated 

12 

0*006 

8*2 


The results of the experiment were not those that would be expected from 
the low coagulation temperature of the low-carbohydrate content albumin. 
Evidently even the first coagulum at the lowest temperature carries down 
appreciable amounts of the high-carbohydrate fraction. 

When fraction H was partially coagulated by heating at 80° there was a 
fairly even distribution of carbohydrate between the precipitate and the super¬ 
natant fluid. The precipitated protein contained 9*14 % of carbohydrate and the 
protein in the supernatant fluid contained 7*74% of carbohydrate (calculated 
as g. of g.-m.-g. per 100 g. of protein). 

It appears not to be possible, therefore, to utilize the differing coagulation 
temperatures of the separated fractions to effect a separation of the two. 

Tryptophan and tyrosine determinations. 

The Folin & Marenzi [1929] method was used for determining tryptophan 
and tyrosine; the only departures from the published method being that in 
place of one sample of 20 ml. of the hydrolysate, duplicate samples of 5 ml. were 
used, the final volume for colorimetric comparison being 25 ml. in place of 
100 ml., and the colorimetric comparisons were made in a Stufenphotometer 
instead of a colorimeter. Duplicate analyses agreed extremely well and the 
photometer was most useful when the hydrolysates were coloured. With care 
the method yields very consistent results. In a previous paper [Hewitt, 1934] 
the tryptophan content of serum albumin was found to be from 0*44 to 0-52 %. 
Folin & Marenzi’s figures were 0-52 and 0-53 % of tryptophan in serum albumin. 
In the literature the figures are generally higher than these. 

It is now found that the tryptophan contents of the purest fractions (E 12 
and E 8 ) of crystalline albumin are 0-26 and 0*30 % respectively. These extremely 
low values were readily explained when it was found that the most soluble 
fractions (B and H) from the mother-liquors of the albumin had tryptophan 
contents of over .three times as much, namely 10 %. The tryptophan content of 
a specimen of serum albumin evidently depends upon the proportions present 
in it of the different albumin fractions. 

The tyrosine oontents of the different fractions do not vary so much. The 
purest crystalline specimens had tyrosine contents of 4*74 and 4-79% re¬ 
spectively compared with Folin & Marenzi’s figures of 4*66 and 4*67 % and the 
author’s previous figure of 4*7 %. The soluble fractions H and B had tyrosine 
contents of 5*38 and 6*06 % respectively. 

Discussion, 

Before the theoretical implications of some of the conclusions reached are 
discussed it will perhaps be well to state clearly in outline what results have been 
obtained. In Table III are summarized the contrasting properties of the two 
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Table III. Contrasting properties of two horse serum albumin fractions . 


Description 

Solubility in ammonium 
sulphate solution 

Preparation 


Carbohydrate content 
(as g.-m.-g.) 

Nitrogen content 

Van Slyke amino- 
nitrogen content 
Rotatory power [a] 64flI 
Coagulation temperature 
Tryptophan content 
Tyrosine content 
Hydrolysis with hydro¬ 
chloric acid 


Crystalline serum albumin 
Least soluble fraction 

Twelve times crystallized 


0 05% 

14-4% 

1 - 0 % 

- 70-8° 

60 3 

0-26% 

4-79% 

Remained colourless 


Mother-liquor fraction 

Most soluble fraction 

Remaining in mother- 
liquors after removal 
of two less soluble 
fractions 

8-5% 

13*0% 

0*65% 

-571° 

80 ° 

1 * 0 % 

3* 38% 

Much humin formation 


“end” fractions separated from serum albumin, the most sparingly soluble 
fraction and the most easily soluble fraction being selected. In this connexion 
the solubility referred to is in ammonium sulphate solution and not in water. 

It is clearly proved that horse serum albumin may, by simple methods not 
involving any rigorous treatment, be separated into two fractions of quite 
different chemical and physical properties. The crystalline fraction free from 
carbohydrate is not difficult to identify; it is probably true serum albumin in 
a higher state of purity than is generally encountered. It seems that serum 
albumin is usually contaminated with varying amounts of some other protein 
which is entirely removed only after a quite extensive crystallization process. 
The outstanding characteristics of £ ‘ pure 1 ’ serum albu min apparently are: (1) its 
solutions are almost colourless, (2) it contains no carbohydrate, (3) humin 
formation does not occur during acid hydrolysis and (4) it has a low tryptophan 
content, namely between 0*26 and 0*30 %. This last point is of some interest, for 
if it be assumed that serum albumin has a molecular weight of 69,000 [Mutzen- 
becher & Svedberg, 1933], then the presence of one molecule of tryptophan in 
each albumin molecule would require a tryptophan content of 

sS* 100 -0-298%, 

a figure in remarkable agreement with the experimental determination. 

The identity of the second protein is the next point of interest. It is not 
suggested that the easily soluble fraction B or H represents a pure protein but 
it seems probable that they are each a mixture of albumin with another protein 
It is hoped in the future to obtain further evidence as to the nature of this other 
protein material, which may be serum mucoid. Serum mucoid has not been 
Btudied extensively but its marked characteristics appear to be that it is not 
coagulated on heating, that it has a high carbohydrate content of about 25%, 
and that it has a low nitrogen oontent, 11-9% [Zanetti, 1897; Bywaters, 1909; 
Bimington, 1931]. The soluble fraction from serum albumin has a fairly high 
carbohydrate oontent (8-5%) and is not easily coagulated on heating. Appar¬ 
ently, however, when large quantities of serum albumin are present the coagulum 
of serum albumin produced on heating carries down with it a considerable 
portion of this almost non-ooagulable protein. It is perhaps not surprising that 
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mixtures of proteins, with their large number of reactive groups, behave some¬ 
what differently from the individual components of the mixture and are difficult 
to separate. 

Serum mucoid is prepared by coagulating serum or even whole blood by 
heating and precipitating the filtrate with alcohol after dialysis. A yield of 
0* 1-0*5 g. per litre of blood is obtained by this method. If, as seems possible, the 
carbohydrate content of serum albumin (about 2*5% g.-m.-g.) is due to ad¬ 
mixture with serum mucoid (containing about 25% g.-m.-g.), there must be in 
each litre of serum say 25 g. of albumin and 2*2 g. of serum mucoid, 90% of 
which is carried down by the albumin when it is coagulated by heating. It is 
worthy of note that Levene & Mori [1929] conclude that the carbohydrate 
content of egg albumin is due to admixture with ovomucoid. 

It is certain that the second fraction present in serum albumin presents 
certain similarities to the protein known as serum mucoid but it is immaterial 
for the moment whether the two are identical. The important fact established is 
that there is present in the albumin fraction of serum considerable quantities of 
some other protein, perhaps amounting to as much as one-tenth of the total 
albumin fraction. 

Summary. 

1. Serum albumin, as ordinarily prepared, is apparently not a single protein 
but is contaminated with varying amounts of a more soluble fraction. 

2. By careful fractionation horse serum albumin has been separated into 
two widely different fractions: 

(а) Crystalline albumin free from carbohydrate and with a tryptophan 
content corresponding roughly to one molecule of this amino-acid in each 
molecule of protein; 

(б) A freely soluble fraction which is not coagulated readily on heating. This 
fraction contains considerable amounts of carbohydrate, has a higher tryptophan 
content than the albumin fraction, has a lower rotatory power and a lower 
nitrogen content and has fewer free amino-groups. 


The author is indebted to the staff of these laboratories for their technical 
co-operation. 
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CCCXIII. IRRADIATION OF FATS. 

II. SOME OBSERVATIONS ON METHODS OF ANALYSIS 
OF OXIDIZED FATS AND ON THE INTERRELATION 
OF THE RESULTS OBTAINED. 

By LESLIE HERBERT LAMPITT and 
NORMAN DARBY SYLVESTER. 

(Received 31 July 1936.) 

In any attempt to study the oxidative effect of irradiation of fats, it is obvious 
that the methods of analysis employed must play an important part. The tests 
which may l)e applied to oxidized fats are characterized by lack of precision as 
regards both the actual quantitative expression and the knowledge of the 
chemistry involved. Reference to the paper by Lampitt el al. [1935] will show 
that three methods were selected to illustrate the application of the irradiation 
technique which was described. These methods had been studied with the object 
of exact standardization of procedure and an early communication on the subject 
was confidently predicted. Since the publication of the paper in 1935, however, 
further investigation has resulted in the application of the Zeiss photometer to 
the measurement of the Kreis test intensity, and in the development of a modifi¬ 
cation of the Issoglio determination, which yields figures very different from 
those usually obtained. The present paper details the results of this work, 
together with certain references to the aldehyde value [Lea, 1934] and the 
peroxide value [Lea, 1931]. 

Many workers have indicated the complexity of the changes which take place 
when comparatively simple chemical substances are irradiated and it can be 
assumed that the changes are even more complicated in the case of fats. Much 
has been written in an endeavour to explain and interpret the results of chemical 
examination of oxidized fats but such speculations cannot be regarded as being 
really profitable with the meagre data available. The authors have carried out 
certain work in an endeavour to correlate the results obtained on a series of 
fats using the tests mentioned. These results are recorded and certain tentative 
conclusions have been drawn regarding the interrelationship of the substances 
determined by the various methods. 

Experimental. 

1. The Kreis test. 

The test, as modified by Kerr [1918], is capable of detecting incipient ran¬ 
cidity, and the work of Powick [1923] would appear to prove that the red colour 
produced in the reaction is due to the presence of epihydrinaldehyde in oxidized 
fats. 

Attempts to express the results quantitatively cannot be considered to be 
entirely satisfactory, although any one of the proposed methods in the hands 
of the same investigator is probably sufficiently accurate to give comparative 
results* Methods of quantitative expression already proposed include: 

(1) Matching by means of a colour standard (such as potassium perman¬ 
ganate [Pritzker & Jungkunz, 1927]). 

( 2237 ) 
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(2) Diluting the fat with a neutral subBtance (such as light petroleum) until 
the colour obtained matches a standard colour (such as methyl red at pH 4*8 
[Holm & Greenbank, 1923]). 

(3) Diluting the fat with light petroleum until it only just produces a 
positive reaction [Kerr, 1918]. 

Taufel & Sadler [1934] have recently proposed the removal of the reacting 
substance from the fat in a stream of nitrogen and its subsequent colorimetric 
determination, using the Kreis test by comparison with known amounts of 
epihydrinaldehyde. 

The objection to the use of artificial colour standards is the fact that they 
do not always match the Kreis test colour exactly, and a method has therefore 
been worked out by the authors for the quantitative expression of the Kreis 
test by means of the Zeiss photometer, the use of which offers the advantages 
that the personal element is eliminated from the determination and the use of 
artificial colour standards is avoided. 

(а) Purification of reagents. In the Kreis test, purity of the reagents is an 
important matter if consistently reproducible colour shades are to be obtained. 
This applies particularly to the dilution method where a small error in the 
determination of the point at which a positive test is obtained causes an apparently 
large alteration in the dilution figure. It has therefore been found necessary to 
purify the methylated ether for use in the Kreis test and also, at times, the light 
petroleum. 1 

Hydrochloric acid should be of A.R. quality and colourless. It is preferably 
stored in the dark and should be discarded as soon as it develops any colour. 

(б) The dilution method . A light petroleum solution of the fat of suitable 
strength is prepared. A series of test-tubes of identical shape and colour is used, 
and varying amounts of the solution are measured into the tubes, sufficient light 
petroleum being added to adjust the volumes to 2 ml. The Kreis test is applied 
and the dilution at which a negative test is first obtained is used as a measure of 
the Kreis test intensity. 

Such a method of determination is obviously subject to a “personal factor”, 
but it is also greatly affected by the colour of the blank solution. If the latter is 
coloured (owing to unsatisfactory reagents) the point at which a positive test can 
be detected is materially altered, and the sensitivity of the test is very much 
reduced. Although such a method is satisfactory for the comparison of fats 
which are to be examined together, it can hardly be considered as a suitable 
method of expressing the Kreis test quantitatively. 

(c) Photometric method of quantitative expression of the Kreis test . In the 
experiments described herein -the technique used has been as follows. 

5 ml. of a fat solution in light petroleum are placed in a small separating 
funnel with 10 ml. concentrated hydrochloric acid and shaken for 2 min. 5 ml. 
of 0*1 phloroglucinol reagent are then added, and the mixture is shaken for 
2 min. The emulsion is run into a 30 ml. centrifuge-tube and whirled (2300 r.p.m.) 
for 10 min. The volume of the lower acid layer has been found to be 12*5 ml. 

1 Purification of the ether is effected in a manner similar to that advocated by Werner [1933], 
by shaking 100 ml. with 20 ml. silver nitrate solution (10%) and 20 ml. potassium hydroxide 
solution (5 %) in a separating funnel. After standing some time, with occasional shaking, the lower 
layer is removed, and, after washing with water, the ether is filtered. The dear ether is dried over 
fused oaldum chloride and filtered. It is then suitable for use in the preparation of the 0*1 % 
solution of phloroglucinol. 

When necessary, light petroleum (b.f. 40-00°) is purified by refluxing with concentrated 
sulphuric acid, removing the acid by washing and drying with fused calcium chloride. 
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By means of a dry pipette sufficient of the acid layer is transferred to a 2*0 cm. 
Zeiss photometer cell, 1 and the colour is measured in the instrument against water 
as a standard, using a suitable filter. A combination of the Wratten mercury 
green line filter and a didymium filter (No. G 555a Corning Glass Works) has 
been found to be satisfactory. The limits of the light band transmitted by the 
combination were sharply defined at 5400 A. and less sharply at 5550-5600 A. 

A blank determination is made on the reagents using 5 ml. light petroleum 
instead of the 5 ml. fat solution, and the Kreis test is calculated by use of the 

formula : log B - log R 

X 

where X =wt. of fat in the 5 ml. light petroleum solution, R = photometer 
reading of the fat solution and B —photometer reading of the “blank” 
determination. 

Table I shows the results obtained by taking two or more different weights of 
fat in each of a series of seven irradiated fats and demonstrates the accuracy 
obtainable. Actually, as the result of a large number of such determinations it 
can be said that the Kreis test intensity figures are reproducible with an error 
which is not more than 5 %. Values obtained bv this method have been com¬ 
pared with those obtained bv the dilution method, the accuracy of which is 

Table I. Kreis test i?itensities determined on different weights of butter fat. 


Weight of butter fat in 
5 ml. light petroleum 
Sample No. solution (g.) 


Kreia teat 
intensity 

0-30 

o-ao 

001 

0-63 

1*40 

1-40 


Table II. Comparison of Kreis test intensities by the dilution method 
and the photometric method. 


Determined Kreis test intensity 


% oxidized 

r 

-A.- 

t - 

butter fat in 

Dilution 

Photometer 

Dilution 

fat mixture 

ratio 

method x 10* 

ratio 

100 

3100 

2090 

3100 

82*7 

1900 

1730 

2300 

66*2 

2000 

1390 

3020 

42*1 

1000 

910 

2380 

19*7 

400 

420 

2030 


Calculated Kreis test intensity 
for oxidized fat 


Photometer 
method x 10* 

2090 

2090 

2100 

2160 

2130 


1 In the glass cell supplied with the instrument it is necessary to smear the cell-cover 
with “rubber-grease” before it is placed in position. This effectively seals the cell and prevents 
the exit of aoid fumes. 
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necessarily much less. Table II gives a series of such figures, obtained for different 
dilutions of oxidized butter fat with fresh butter fat. 

The Kreis test intensities by the Zeiss photometer method are shown to be 
independent of the weight of fat taken for the test, and the greatest error re¬ 
corded is 2*5%. The dilution method is shown to be subject to an error of 
± 20 %. 

2. The peroxide value . 

The accurate determination of peroxide in fats has been described by 
Lea [1931], The following description of the method includes slight manipulative 
improvements introduced by the authors. 

1 g. fat (or less if the peroxide value is high) is weighed into a pyrex boiling- 
tube, diameter about 20 mm. which is protected from light by means of a brown 
paper tube. 1 g. powdered A.R. potassium iodide is added and a mixture of 6*5 ml. 
A.R. chloroform and 13 ml. A.R. acetic acid. A steady stream of nitrogen is 
passed into the air space above the liquid by means of a narrow glass tube which 
is widened for about 2 in. at the lower end. The tube passes loosely through a 
hole in a rubber stopper (which fits into the pyrex tube) and the upper end carries 
a glass tap. After 3 min. the stream of nitrogen is stopped by means of the tap, 
and after removal of the brown paper cover, the tube is immediately heated 
over a small Bunsen flame until the liquid is boiling freely. The tube is then 
plunged into a boiling water-bath until the boiling liquid has risen to within 
half an inch of the rubber stopper. The narrow glass tube is then pulled up until 
its lower, widened portion closes the hole in the stopper. The closed boiling-tube 
is now shaken vigorously for a few seconds and plunged into ice-cold water for 
about a minute. The titration is carried out according to Lea’s instructions 1 and 
the number of ml. of Nj500 sodium thiosulphate required by the iodine liberated 
from 1 g. fat must be multiplied by 1*6 to give mg. 0 2 per 100 g. fat. This method 
of presenting the results has been adopted in this paper. The greatest precaution 
should be taken to protect the fat and reagents from the action of direct light. 

In the case of fats which have a high peroxide content, it has been found 
necessary to use less than 1 g. fat, and this has been done when the titration 
exceeds about 10 ml. The necessity for this precaution is illustrated by the results 
given in Table III. 

Table III. Peroxide values determined on different weights of fat. 



Weight of fat 
taken (g.) 

Peroxide 


value 

Ox kidney fat 

0-200 

63 

0-249 

61 


0-507 

52 


1-004 

46 

Butter fat 1 

0-050 

90 


0-112 

94 


0-203 

83 


0-512 

71 


1004 

59 

Butter fat 2 

0-049 

166 


OHO 

162 


0-226 

136 


0-551 

118 

Butter fat 3 

0-062 

196 


0-102 

197 


0-231 

160 


0-442 

144 


1 The end-point is not good, but with a little practice the titration can be made without difficulty. 
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3. The Isaoglio value. 

(а) Kerr 1 8 method . Apart from a few minor points the following instructions 
for the determination of the Issoglio value follow the method devised by 
Kerr [1918]. 

12*5 g. fat and 50 ml. distilled water are placed in a 300 ml. pyrex flask, 
and heated on a steam-bath (protected from direct light) for 2 hours. At intervals 
* of 16 min., the contents of the flask are swirled. After 2 hours the mixture is 
filtered through a wet filter-paper (Whatman No. 42 11 cm.) into a 50 ml. 
graduated flask and, after cooling, the filtrate is made up to 50 ml. with distilled 
water. 10 ml. of this solution are mixed with 10 ml. of 20% sulphuric acid in 
a 300 ml. pyrex flask, and 50 ml. Nj 100 potassium permanganate solution are 
added. The solution is heated to boiling, the flask being covered by a small 
watch glass, and the boiling is continued for exactly 5 min. 50 ml. JV7100 
ammonium oxalate solution are added, and the solution is titrated with Nj 100 
potassium permanganate at about 00°. 

The Issoglio value is calculated from the formula 

(W 2 )x 3-2, 

where ^ = No. of ml. AM00 potassium permanganate used for oxidizing 10 ml. 
of filtrate (i.e. extract from 2*5 g. fat), and t z is a blank titration obtained in a 
similar manner on 10 ml. distilled w T ater which has been passed through a wet 
No. 42 11 cm. filter paper (ail average figure is 3*5 ml.). 

The Issoglio value is therefore the oxygen equivalent in mg. of the aqueous 
extract from 100 g. fat. 

(б) Method of boiling with potassium permanganate. In order to ensure 
identical treatment during the boiling with potassium permanganate, the fol¬ 
lowing procedure has been adopted. Two Bunsen burners and tripods are used; 
one burner is used for bringing the solution to the boil, and the other is so 
adjusted that it is sufficiently hot to keep the solution boiling. A clean glass 
bead is placed in the liquid in order to prevent overheating. The flask containing 
the permanganate etc. is placed on the first tripod until it begins to boil, and it is 
then quickly transferred to the second tripod and allowed to boil for exactly 
5 min. The adjustments of the Bunsen burners are not altered during the course 
of a determination, and in this way the blank and the determination receive 
exactly the same treatment. 

(c) Treatment for fats of high Issoglio value. It was discovered, during the 
course of an investigation on the irradiation of butter-fat, that the Issoglio value 
did not increase to its expected magnitude for the longer irradiation periods. This 
was considered to be due to the possibility that, for fats of high Issoglio value, 
only a part of the water-soluble oxidizable substances was determined under the 
standard conditions of the test, as given in (a) and ( b ). This is shown by the 
following example. An oxidized butter fat having an apparent Issoglio value of 
68 was re-examined by making the determination on a mixture of 6*25 g. fat 
plus 6*26 g. fresh butter fat with an Issoglio value of 2. The result obtained 
was 38, from which it may be calculated that the true Issoglio value of the 
oxidized fat was (38 x 2) — 2 ** 74. 

As a result of a number of determinations it was concluded that, employing 
the technique in question, this dilution procedure was necessary for fats having 
an Issoglio value higher than 40, 12*5 g. of the mixture being taken for the 
determination. 
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(d) Progressive oxidation during the period of extraction . The method, as 
described above, was used for obtaining the results presented in a previous paper 
[Lampitt et al ., 1935] but subsequently indications were obtained that oxidation 
of the fat occurred during the extraction period. Experiments were therefore 
made in which two precautions were introduced to limit the possibility of 
oxidation occurring during the determination; the addition of a condenser 
and the production of an inert atmosphere by a nitrogen stream playing on 
the surface of the reaction mixture. Results of preliminary tests are given in 
Table IV. 

Table IV. Effect of an inert atmosphere during the Issoglio extraction . 




Issoglio value obtained 

. a. _ __ 

Sample No. 

r 

Original 

method 

Condenser 

alone 

-* 

Condenser and 
nitrogen 

1 

1-4 

1-2 

1-4 

2 

20*5 

15-5 

9-5 

3 

60* 

46* 

24-5 

4 

103* 

73* 

26 

5 

158+ 

130f 

44-5 


♦ Original fat diluted with fresh butter fat in the ratio 8:17. 
t Original fat diluted with fresh butter fat in the ratio 5 : 20. 


It would appear therefore that, when an Issoglio determination is made by 
the original method, further oxidation of the fat occurs during the 2 hours’ 
extraction period and that, when the fat is already appreciably oxidized, the 
further oxidation is very considerable. No definite explanation can be offered 
of the apparently anomalous results obtained with Sample No. 1 which had a 
low Issoglio value. In the case of fresh butter fat, however, it is probable that 
in the original method the fat is not oxidized beyond the induction period, and 
the two methods would not then be expected to give substantially different 
results. 

Further evidence that the higher values obtained by the original method are 
due to oxidation of the fat is afforded by the results of determinations in which 
the time of aqueous extraction was varied. The determinations were made on 
2-5 g. fat plus 10 g. fresh butter fat (of known Issoglio value), the results being 
calculated by the method already indicated. From these determinations which 
are given in Table VII (original method), it appears that the results obtained by 
the original method have no quantitative significance, except as empirical 
values, obtained by adherence to a strict procedure. 

(e) Effect of stirring during extraction . Another aspect of the method which 
was obviously capable of improvement was the periodic shaking of the fat and 
water during the 2 hours’ extraction, and in this connexion a series of experi¬ 
ments has been carried out in which the periodic shaking was replaced either by 
gas bubbling or by mechanical stirring. The results are collected in Table V. 

From these figures it appears that stirring by nitrogen bubbling is a satis¬ 
factory method of ensuring efficient extraction of the fat by the water. The 
results are definitely higher than when the nitrogen is passed into the flask (and 
not through the liquid) and they are also slightly higher than those obtained by 
mechanical stirring. The possibility that oxygen (or some other impurity) in the 
nitrogen was the cause of these higher results appears to be excluded by the 
experiments carried out with hydrogen, with washed nitrogen a^d with nitrogen 
which had been passed over heated copper. The lower results obtained by 
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Table V. Effect of stirring during the Issoglio extraction . 

Stirring by gas bubbling Mechanical stirring 


Sample 

No. 

Nitrogen 

on 

surface 

Nitrogen 

Nitrogen 

water- 

washed 

Nitrogen 

over 

heated copper Hydrogen 

Rotary 

Up and 
down 

1 

10 

14 

_ 

_ 

_ 

_ 

___ 

2 

13*5 

18*5 

— 

_ 

_ 

_ 

_ 

3 

— 

17 

— 

_ 

_ 

13*5 

_ 

4 

— 

17*5 

— 

— 

_ 

16 

16 

5 

— 

33 

— 

— 

_ 

31 

_ 

6 

— 

18 

17-5 

_ 

_ 

_ 

_ 

7 

— 

19 

— 

19-5 

_ 

_ 

_ 

8 

— 

20*5 

— 

— 

20 

— 

— 


mechanical stirring are probably due to the fact that the stirrer was small (since 
it had to be inserted through the neck of the flask) and, for this reason, not 
sufficiently efficient. 

The use of a stream of nitrogen for stirring the fat and water during the 2 hours 
period is therefore recommended as an improvement in the method. The results 
so obtained are very different from those furnished by the original method, but 
the present authors consider that they are more likely to have some chemical 
significance. 1 

In the above experiments the nitrogen stream was adjusted to about 6 1. per 
hour, but no attempt was made exactly to standardize the speed. This point 
seemed to be worthy of further examination, and experiments were therefore 
made in which the rate of flow of the nitrogen was different for determinations 
which were otherwise identical. The actual speeds were not accurately deter¬ 
mined, but they were roughly 6 and 12 1. per hour, and it will be seen from the 
results given in Table VI that the magnitude of the Issoglio determination was 
not affected by the rate of flow of the nitrogen. 

Table VI. Effect of speed of nitrogen stream . 

Sample No. 6 1. per hour 121. per hour 

1 17-5 18 

2 34 34 

3 41 41-5 

In view of the increasing values obtained by the original method with 
increasing times of aqueous extraction, a similar series of Issoglio determinations 
was made on the same fat by the new method. The results are given in Table VII. 

Table VII. Effect of increasing period of extraction. 

1 hour 2 hours 3 hours 

Original method 57-5 122 194 

New method 36*5 43*5 43*5 

It is seen that the figure obtained by the new method after 3 hours is the 
same as that for 2 hours, and it may be concluded that the extraction is complete 
in the normal time, viz. 2 hours. 

i It Is obvious that the composition of any products carried over by the nitrogen stream may 
be of importance. This matter is receiving attention, but it is significant to record that the solution 
which is obtained by passing the gas through water in a sintered glass bubbler contains substances 
which are oxidiaable by permanganate. 
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(/) Recommended procedure. As an outcome of this investigation it is re¬ 
commended that the Issoglio value should be determined as follows. 

12*5 g. fat and 50 ml. of boiled and cooled distilled water are plaoed in a 
175 ml. flask provided with a single-surface condenser having a ground glass 
joint. A slow stream of nitrogen is bubbled through the contents of the flask by 
means of a glass tube passing down the inside of the condenser, and the flask 
is heated on a boiling water-bath for 2 hours in a location protected from direct 
light. After this time, the tube is raised so that the nitrogen no longer bubbles 
through the liquid, and the flask is allowed to remain on the water-bath for a few 
minutes until the fat layer has separated. The contents of the flask are then 
filtered through a wet filter-paper (Whatman No. 42 11 cm.) into a 50 ml. 
graduated flask, and after cooling, the volume of the filtrate is made up to 50 ml. 
with distilled water. The permanganate equivalent of this solution is deter¬ 
mined as previously described. 

It is permissible to make deter mi nations on less than 12*5 g. fat, provided 
that the weight taken is increased to 12*5 g. with fat of known Issoglio value. 
In this case, the IsBoglio value will be given by the formula 

6+12*5 (c—b)ja, 

where a =weight of fat taken, 6=Issoglio value of fat used for dilution, c=Isso¬ 
glio value determined on the mixture. 

The results of such determinations made on five irradiated butter fats are 
given in Table VIII. The fresh butter fat used for the dilutions had an Issoglio 
value of 1*55. 

Table VIII. Issoglio values determined on varying amounts of original 
fat diluted to 12-5 g. with fresh butter fat. 

Weight of original fat (g.) 

Sample-*-. 

No. 12*6 8-7 7-5 70 6-5 6-25 CO 2-5 2-0 

1 60 — — 60 — — — — — 

2 19 — — — 19 — — — — 

3 32 ______ 30 — — 

4 44 43 44 — — — 42 44 — 

5 100 — — — — 113 — — . 110 

4. The aldehyde value. 

The determination of “ aldehydes ” in oxidized fats by formation of the bisul¬ 
phite compounds was proposed by Lea [1934] and his method has been employed 
by the present authors without serious modification. Although the end-points 
of the titrations are somewhat difficult to judge, it is considered that the deter¬ 
mination affords an approximate indication of the “aldehyde” content of an 
oxidized fat. Experience gained during the course of these investigations would 
indicate that the results are subject to a maximum error of ± 15 %, although the 
results of duplicate determinations usually agree more satisfactorily. The factors 
responsible for the erratic results which are sometimes obtained have not been 
investigated, but the fundamental weakness of titrating sulphite with iodine in 
bicarbonate solution is a possible explanation. Sinoe the identity of the sub- 
stanoes determined is not known, the results have been expressed as (CO) in 
parts per million, i.e. 1 ml. Nj 500 iodine per g. fat ==28 parts per million of 
(CO). 
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5. Application of the tests described to the examination of irradiated 

butter fats . 

The method adopted in this phase of the work has been to determine the 
peroxide value, the Kreis test intensity, the aldehyde value and the Issoglio value 
on eight samples of the same butter fat which had been oxidized to different 
extents by irradiation under the mercury quartz lamp. In addition, the first 
three of these determinations were also made on the fats remaining after the 
Issoglio extraction had been made (designated ‘‘Issoglio fat” in Table IX). In 
the latter cases, the fat was filtered through a dry fluted No. 41,9 cm. Whatman 
filter-paper, without further heating and without undue exposure to light. 
Table IX gives the results which have been obtained. 

Table IX. Analytical results obtained on irradiated butter fat. 

Peroxide value Kreis test intensity Aldehyde value 


Sample 

Issoglio 

Original Issoglio 

Ratio 

Original 

Issoglio 

Ratio 

Original Issoglio 

Ratio 

fat 

fat 

(a -6)/ 

fat 

fat 

(c-rf)/ 

fat 

fat 

(e-f)I 

No. 

value 

W 

(b) 

a 

(r) 

(d) 

e 

M 

(/) 

e 

1 

40 

16 

17-5 

— 

022 

Oil 

0-50 

40 

35 

013 

2 

110 

39 

34 

0*13 

0-38 

0-29 

0-60 

125 

65 

0-48 

3 

17-0 

68 

66 

019 

1*51 

0-72 

0-62 

160 

70 

0-56 

4 

— 

74 

— 

— 

1-73 

— 

— 

160 

— 

— 

5 

28-5 

114 

96 

016 

3-31 

1-38 

0-58 

265 

115 

0-57 

0 

29-5 

119 

108 

009 

3-86 

1*88 

0-51 

280 

130 

0-54 

7 

380 

132 

108 

018 

3-92 

1-67 

0-57 

290 

115 

0*60 

8 

— 

144 

— 

— 

4-58 

— 

— 

305 

— 

— 

9 

— 

168 

— 

— 

618 

— 

— 

360 

— 

— 

10 

43-5 

194 

161 

0-22 

6 12 

2-56 

0-58 

465 

215 

0-54 

11 

— 

196 

— 

— 

6-82 

.... 

— 

400 

— 

— 

12 

51-5 

210 

174 

0-17 

8*33 

3-48 

0-58 

465 

195 

0-58 


Discussion. 

Although no definite conclusions can be drawn from these results, there are 
several points of interest to which attention may be called. 

(а) It would appear to be significant that in the case of eight fats, varying 
widely in degree of oxidation, the pretreatment of the fat by the modified Issoglio 
technique results in a reduction of the peroxide value by about 16%, of the 
Kreis test intensity by about 55 % and of the aldehyde value by about 55 % 
(excluding sample No. 1). This would appear to indicate an equilibrium dis¬ 
tribution of the various substances between the aqueous and the fat layers 
during the Issoglio determination. This is not surprising in the case of the last 
two determinations, but in the case of the peroxide value it is somewhat difficult 
to understand. If the peroxides were decomposed by water during the 2 hours' 
extraction, one would expect a greater reduction than one-sixth, and it is 
difficult to imagine that they are extracted in any strict sense of the word. It is 
possible, however, that during the extraction period the peroxides react with 
oxidizable substances (for example, aldehydes) present in the fat, and that their 
disappearance is to be accounted for in this manner. A further possibility is that 
two types of peroxide exist in irradiated fats, only one of which is decomposed 
under the conditions obtained in the Issoglio extraction. 

(б) It is perhaps remarkable that the relative reduction in the aldehyde value 
should in aU cases be practically identical with the relative reduction in the 
Kreis test intensity; in other words, the extraction by water in the modified 
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Issoglio determination results in the removal of 66% of the bodies giving the Kreis 
test and 66 % of those determined as aldehydes. This would suggest some close 
relation between the two determinations, but the nature of this relation is not 
apparent from the results of the determinations on the original fats. 




Kg. 2. 

Hie Kreis test is associated with epihydxinaldehyde, or with a compound 
which can give rise to epihydrinaldehyde, and it is of course possible that this 
substance will be determined and included in the aldehyde value. However, it 
would appear from Fig. 2 that the magnitude of the Kreis test does not bear 
any simple relation to the total aldehydes, and it may be concluded, at least 
tentatively, that the Kreis test substance does not constitute a fixed proportion 
of the determined aldehydes. T F ^ 
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(c) The determinations presented above were carried out with the intention 
of elucidating the nature of the substances determined in the Issoglio value. It 
was thought that perhaps the Issoglio value might be a composite determination 
including definite contributions from the aldehyde value, the peroxide value and 
the Kreis test, and that it might be possible to discover some simple relations 




between these four determinations. This object has not been definitely achieved, 
but Fig, 1 shows the relation between the Issoglio value and the reductions in 
the Kreis test intensities and also a similar curve for the reductions in the 
aldehyde values. 

In the former case, there is obviously no proportionality, but in the case of 
the aldehyde value, the results are certainly suggestive, especially when con¬ 
sideration is given to the magnitude of the errors inherent in the three deter¬ 
minations involved. 

A similarly linear curve is of course also obtained when the Issoglio value is 
plotted against the original aldehyde value (Fig. 3), since the Issoglio extraction 
results in the removal of a roughly constant proportion of the aldehydes. 

Bioohem. 1936 xxx 145 
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In Fig. 5 the Issoglio value is plotted against the peroxide value and again 
the ourve appears to be a straight line. This is contrary to the authors’ previous 
suggestion [Lampitt et al., 1935], but it should be remembered that the present 
Issoglio values have been determined by the new method. It will be seen also 
that a straight line relation appears to hold between the Issoglio values and the 
reductions in the peroxide values. 

Fig. 4 shows that the Kreis test does not vary proportionally with either the 
peroxide value or the Issoglio value, and this is in acoord with observations 
previously recorded. Similarly there is no proportionality between the Kreis 



test and the aldehyde value (Fig. 2). Fig. 2 shows also the relation between the 
aldehyde value and the peroxide value, and the ourve appears to be praotically 
a straight line. 

A tentative conclusion is that the aldehyde value and the peroxide value 
increase in rough proportionality and that, since the Issoglio value determines 
about 55 % of the aldehyde value, it is therefore also proportional to the per¬ 
oxide value. 

Summary. 

1. A method of evaluating the intensity of the Kreis test colour by the use 
of the Zeiss photometer has been presented. 

2. An improved method of determination of the Issoglio value has been 
described, the chief modification being the use of a stream of nitrogen for stirring 
the fat during the period of aqueous extraction. 

3. A technique for the determination of peroxides by Lea’s method has been 
described, and it is shown that the weight of fat should not be greater than the 
amount required to give a titration of about 10 ml. of N/500 sodium thiosulphate. 

4. Figures are given for determinations of Kreis test intensities, peroxide 
values and aldehyde values on irradiated fats both before and after the Issoglio 
determination. The latter has been found to cause a reduction of about 16 % 
in the peroxide value, about 55 % in the Kreis test intensity and about 55 % in 
the aldehyde value. These figures were not dependent on the degree of oxidation 
of the fats. 

5. The Issoglio value appears to be proportional to the reduction in the 
aldehyde value and also to the aldehyde value of the original fat. 

6. The aldehyde value and the peroxide value have been found to be roughly 

proportional. Since the Issoglio value is proportional to the aldehyde value, it 
is also porportional to the peroxide value. ^ 
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In a previous communication [Cohen & Marrian, 1936], the isolation of a water- 
soluble substance containing a high proportion of combined oestriol was reported. 
Although no great confidence in the purity of this substance was felt, since it 
could not be isolated in a crystalline form, the suggestion was made on the basis 
of carbon and hydrogen analyses and certain colour reactions that it was an 
oestriolglucuronide. The method described for the isolation of this substance 
was long and tedious and the yields obtained were poor. Owing to the small 
amounts available it was not possible to study the properties of the substance in 
detail or to determine its physiological potency. 

The method which has now been adopted for the isolation of the compound, 
although essentially similar to that originally described, is considerably shorter 
and results in excellent yields of a product of high purity. The steps in this 
modified method are shown in Table I. Attention may be drawn to the following 
points: (a) The neutralization of acid butanol extracts with ammonium hydroxide 
instead of sodium hydroxide. In this way high alkalinity of the evaporating 
extracts is more easily avoided. (6) Elimination of the extractions with 90% 
ethanol and 92% pyridine. Extraction of aqueous solutions with a 1:2 mixture 
of pyridine and benzene was used with some batches and was found to be a 
valuable method of purification in cases where the quantity of glucuronide in the 
urine was small. Good yields of a pure product, however, have been obtained 
without its help, (c) Elimination of the process in which a butanol solution was 
washed with 0*8% sodium carbonate and then extracted with JV/50 sodium 
hydroxide. In the present work it was found that the carbonate washing of the 
butanol caused very great losses of glucuronide. It is difficult to understand why 
this process gave such excellent results in the original work, (e) Crystallization 
of the final product as the sodium salt from methanol. 

The crude products yielded by this process were recrystallized several times 
from methanol. When pure anhydrous methanol was employed, crystals melting 
at about 305° and analysing excellently for C^H^O^a, 0*5 CH 8 OH were obtained. 
Methanol containing small amounts of water yielded a crystalline product 
melting at about 256° and analysing for C M H 81 0 9 Na, 1*5 H*0. 1 The higher¬ 
melting product was found to be converted into the lower-melting one by treat¬ 
ment with water, while the reverse process could be effected by repeated crystal¬ 
lization from anhydrous methanol. It was not possible to remove either the 
methanol or water of crystallization by heating in vacuo at 80° over phosphorus 
pentoxide. 

1 It should be pointed out that owing to the decomposition that occurs at and just below the 
melting point in all these compounds, the exact thermometer reading varies considerably according 
to the rate 6f heating. Differences of 1 or 2° in the melting points recorded for different pre¬ 
parations have therefore little significance. 

( 2260 ) 
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Urine 


Concentrated to approx. 1/8 vol. Acidified to pH 2-5-3-0, 
saturated with NaCl and extracted with BuOH. 


Urine, 


BuOH extract 

Concentrated to 1/2 vol. and extracted with A r /3 NaOH. 


BuOH 

N/3 NaOH extract 

Acidified to pH 2-5-3*0, saturated with NaCl and extracted 
with BuOH. 


BuOH 


Aqueous solution 


Neutralized with NH 4 OH and evaporated to dryness. 
BuOH residue dissolved in H a O and extracted with ether. 


Aqueous solution 

Extracted with quinoline 


-, 

Ether 


Quinoline 

Washed with 10% Na a CO a . 


Extracted with NjlO NaOH. 


Aqueous solution 


10 °[ 0 


-, 

Quinoline 

N/10 NaOH 

Acidified to pH 3-0 and extracted with BuOH. BuOH 
extract washed with water and evaporated to dryness. 


BuOH residue 

Dissolved in absolute methanol and pH of solution adjusted 
to 7-0-7-5 by addition of methanolic NaOH. Solution 
concentrated to small volume under nitrogen. 

Sodium saU of oestriolmonoglucuronide. 


Acidification of aqueous solutions of the sodium salt yielded the free glucu- 
ronide in the form of a gel. Solid but amorphous preparations were obtained by 
dissolving the gel in alcohol and evaporating to dryness. Different preparations 
had sharp melting-points ranging from about 196° to 236°. The different melting- 
points appeared to be caused by varying amounts of water of crystallization ’ ’. 
In the case of one preparation drying at 80° in vacuo over P 2 0 6 removed all the 
bound water, yielding a product which analysed correctly for the anhydrous 
glucuronide. With other preparations, however, it was not possible to obtain a 
completely anhydrous product by drying even at 140°. The reason for these 
differences is obscure and, since the question is of no great importance, the 
experimental results are not reported in full. 

The crystalline sodium salt gave a strongly positive naphthoresorcinol test, 
a negative Benedict test before and a positive Benedict test after hydrolysis 
with dilute acid. Like most of the naturally occurring glucuronides, it is laevo- 
rotatory. 

Millon's test was strongly positive in the cold. It was previously suggested, 
tentatively [Cohen & Marrian, 1936], that this might indicate that the phenolic 
hydroxyl group of the oesiriol was not conjugated with the glucuronic acid. 
Confirmation of this has now been obtained by (a) spectrographic and (6) chemical 
methods. 
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(а) It has recently been shown by Callow [1938] that compounds of the 
oestrin series in which the phenolic group is free show a shift in absorption 
maximum from 2800 to 2950 A. in the presence of alkali owing to salt formation. 
This shift of absorption maximum in alkaline solution was not observed in 
compounds of the oestrin series in which the phenolic hydroxyl was combined. 
Callow pointed out that use might be made of this observation in the deter¬ 
mination of the structure of naturally occurring conjugated oestrogens such as 
oestriol glucuronide. Dr Callow has since very kindly examined spectrographi- 
cally a specimen of the crystalline sodium salt and he has been able to show that 
in alkaline solution the shift in absorption maximum characteristic of a free 
phenolic hydroxyl does occur. The authors are grateful to Dr Callow for per¬ 
mission to include his results in the present paper. 

(б) The glucuronide was methylated with methyl sulphate and alkali and 
the crude product hydrolysed with dilute acid. There was isolated from the 
hydrolysate a pure crystalline product which proved to be oestriol monomethyl 
ether. This provides the first strictly chemical evidence that oestriol iB present in 
the complex, and since in oestriol monomethyl ether the phenolic hydroxyl is not 
free, it provides further proof that the phenolic hydroxyl group of oestriol is free 
in the glucuronide. 

It was previously stated by Cohen et al. [1935] “that the precursor present 
in urine which gives rise to ether-soluble oestrin on treatment with acid has only 
a low oestrogenic potency when tested on ovariectomized mice ”, The significance 
of this fact in connexion with the assay of oestrin in urine was emphasized and 
attention was drawn to its possible physiological importance. Since the above 
statement was based on biological assays carried out with whole pregnancy urine, 
it was obviously of importance to determine the potency of the pure oestriol- 
glucuronide. Assays on ovariectomized adult mice by the method of Marrian & 
Parkes [1929] showed that the glucuronide had a potency of 370 m.u. per mg. 
Simultaneous tests with oestriol by an identical procedure showed a potency of 
10,700 m.u. per mg. The oestriol in the glucuronide has therefore only about 1/17 
of the potency of the same amount of oestriol in the uncombined state when 
assayed by the technique described. 

An exact comparison of the potencies of oestriol and its glucuronide is not 
possible since, as can be seen in Fig. 2, the slopes of the two dose-response curves 
differ considerably and it seems likely therefore that the ratio of the potencies of 
the two compounds would vary significantly according to the method of assay. 
No marked differences could be observed in either the time of onset or the dura¬ 
tion of the vaginal responses induced by the two substances. 


Experimental. 

Isolation of the sodium salt of oestriolghieuronide (batch 9). 

30 litres of urine collected from women during the last 2 months of pregnancy 
were concentrated under reduced pressure at 70-80° to about 4 litres. The 
mixture was saturated with sodium chloride, acidified to pH 2*5 and extracted 
seven times with 1 litre volumes of butanol. Troublesome emulsions were broken 
by centrifuging. The combined butanol extracts were made slightly alkaline 
with NH4OH, concentrated under reduced pressure to about 3 litres and 
extracted seven times with 500 ml, volumes of N/S NaOH. The combined alkaline 
extracts were saturated with NaCl, acidified to pH 2*8 and extracted five times 
with approximately 800 ml. volumes of butanol. The butanol extract was washed 
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once with saturated aqueous NaCl, made slightly alkaline with NH 4 OH and 
evaporated to dryness. The residue weighed 68 g. 

This material was dissolved in 200 ml. of water, and the solution, after 
acidification to pH 3-0, was washed four times with 100 ml. volumes of ether, and 
then extracted five times with approximately 50 ml, volumes of quinoline. The 
quinoline extract was washed four times with 50 ml. volumes of 10% aqueous 
Na^CCV The combined carbonate washings were “back-extracted” four times 
with 50 ml. volumes of quinoline to minimize losses of glucuronide at this stage. 
The combined quinoline extracts were extracted with four successive volumes of 
100 ml. N/10 NaOH, and the combined alkaline extracts, after acidification to 
pH 3*0, were extracted once with 150 ml. and four times with 50 ml. volumes of 
butanol. The butanolic solution was washed four times with small volumes of 
water and evaporated to dryness under reduced pressure. The residue weighed 
8*5 g. and direct colorimetric assay (without hydrolysis) showed it to contain 1 g. 
of combined oestriol. It should here be mentioned that colorimetric assays after 
hydrolysis with acid were conducted at all the preceding stages in the process. 
These showed that the losses of glucuronide in the discarded fractions were 
insignificant, but owing to the difficulty of attaining satisfactory hydrolysis, the 
figures have little real quantitative value and are therefore not reported. 

The residue from the evaporation of the butanol was dissolved in about 
50 ml. of methanol and after heating nearly to boiling the pH of the solution 
was adjusted to 7*0-7-5 by the careful addition of saturated methanolic NaOH. 
The solution was then slowly evaporated to about 30 ml. under a stream of 
nitrogen, by which time a heavy greyish crystalline precipitate had settled out. 
After chilling, this was filtered off and washed with about 20 ml. of cold methanol. 
The product weighed 0-654 g. and melted at 264-265° (decomposition and 
evolution of gas) after preliminary shrinking at 239-240°. No more precipitate 
could be obtained by further concentrating the filtrate. 

The crude crystals were extracted repeated^ with small volumes of hot 
anhydrous methanol until all but a small amount of dark material was in 
solution. The combined methanolic extracts were then concentrated slowly under 
nitrogen to about 60 ml. After chilling, filtering and washing with cold methanol, 
0*313 g. of material, m.p. 298-299° (decomposition and evolution of gas) with 
slight browning at 265-270°, was obtained. After drying at 80° in vacuo over 
P 2 0 5 , the m.p. was raised to 305-306°. Further concentration of the methanolic 
filtrate yielded a further 0*15 g. of crystals of the same degree of purity and 
0*038 g. with a slightly lower m.p. 

Properties of the sodium salt. 

Analyses were carried out by Dr Schoeller on material obtained from 
batch 0, m.p. 305-306°. Found: C, 58-27, 58-19; H, 6*51, 6-43; Na, 4*78%. 
Calculated for C^OgNa, 0-5 CH 3 OH; C, 58-57; H, 6*62; Na, 4*58%. 

Oestriol content (direct colorimetric assay)—Found: 55*0, 56*7, 58*3%. 
Calculated for C^H^OaNa, 0*5 CH s OH: 57*4%. 

1*2 mg. gave a positive Tollens’s naphthoresorcinol test. 0*21 mg. gave a 
positive Milton’s test in the cold. 0-21 mg. gave a negative Benedict’s test. 
0*21 mg, after heating at 120° for 1*5 hours with AT/10 HC1 and neutralizing gave 
a positive Benedict’s test. 

In the case of oertain batches the methanol used for the crystallization was 
not anhydrous. The product after drying at 80° in vacuo over P 8 0 6 had m.p. 
256-257° (decomposition and evolution of gas) after shrinkage at 242°. (Found 
(Schoeller): C, 56*33, 56*15%; H, 6*68, 6*68%; Na, 4*32%. Calculated for 
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C 24 H 31 O 9 N&, 1*5 H 2 0; C, 5614%; H, 6 - 68 %; Na, 448%.) After two crystal- 
lizations of this material from anhydrous methanol, the m.p. was raised to 
301-302°. Mixed with directly isolated material of m.p. 305-306°, the m.p. was 
304-305°. Directly isolated material of m.p. 305-306° was dissolved in water 
and evaporated to dryness under a stream of nitrogen. The product had m.p. 
258-259° which was unchanged by admixture with the directly isolated lower- 
melting compound. 

The optical rotation of the sodium salt (m.p. 305-306°) was determined in a 
Fischer micro-tube. Owing to the opalescence of the aqueous solution, the 
concentration had necessarily to be low. The observed rotations were therefore 
small, making very great accuracy impossible. c=04966 (water), a= —0-07°, 
[a]£i« -28-2°; c=0-5027 (water), -0-052°, [a]l--21-0°. 

Ultraviolet absorption spectrum of oestriolglucuronide in alkaline solution . 

The following experiment was carried out by Dr R. K. Callow of the National 
Institute for Medical Research, London. 5 ml. of a 0 02% aqueous solution of 



Wave-length A. 

Fig. 1. •-• Oestriolglucuronide, 0*0182 % neutral aqueous solution. 

x - - - x Oestriolglucuronide, 0*0182 % solution in 0*0091 N NaOH. 

the sodium salt of oestriolglucuronide (m.p. 303-304°) were diluted with 0*5 ml. 
of water and photographed. A second 5 ml. were diluted with 0-5 ml. of N /10 
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NaOH and photographed. The results are shown in Fig. 1 in which log e/c is 
plotted against wave-length, and where e is the extinction coefficient as defined 
by the equation: _ l. / inciden t light \ 

€ d °® 10 \ transmitted light/ € ° ’ 

and c is the concentration in g. per litre. 

The authors are also indebted to Dr Callow for the following information: 
“.. .assuming no interference with the absorption of the oestriol part of the 
molecule, the difference in intensity of absorption between oestriol and its 
glucuronide corresponds to an oestriol content of 57-5% in the latter.” (Calc, 
for C^H^OaNa, 0‘5 CH 3 OH: oestriol, 57-4 %.) 

Isolation of oestriol monomethyl ether from the, hydrolysis ‘products of 
methylated oestriolglucuronide. 

171 mg. of the sodium salt of oestriolglucuronide were dissolved in 40 ml. 
of N NaOH and shaken at intervals for 24 hours, methyl sulphate being added in 
small portions from time to time. No attempt was made to isolate and purify 
the bulky fiocculent precipitate which separated at this stage. A preliminary 
experiment suggested that hydrolysis at pH 1-0 for 2 hours at 120° caused too 
extensive destruction to permit the isolation of the hydrolysis product in a state 
of purity. Milder conditions were therefore employed. The whole methylation 
mixture was acidified with HC1 to pH 1-5 and heated at 100° for 5 hours. The 
mixture was cooled and then repeatedly extracted with ether. The ethereal 
extract was washed several times with N NaOH, then with water and finally 
evaporated to dryness. The product was a dark greenish blue scmicrystalline 
solid and weighed 16-4 mg. The aqueous phase from the ether extraction was 
combined with the NaOH washings and rehydrolysed for 4 hours at pH 1*2. The 
mixture was worked up as before, yielding a further 24-5 mg. of material similar 
to that obtained from the first hydrolysis. 

The products were combined, boiled twice with charcoal in alcoholic solution, 
whereby all but a trace of the blue colour was removed, and recrystallized twice 
from 40% ethanol. The product crystallized in hexagonal plates identical in 
appearance with authentic oestriol monomethyl ether crystallized from the same 
mixture. The m.p, was 165-168°, which was unchanged after admixture with 
authentic oestriol monomethyl ether of m.p. 166-168°. 

Biological assay of the, sodium salt of oestriolglucuronide . 

The method of Marrian & Parkes [1929] was employed. Aqueous solutions of 
the sodium salt of different concentrations were injected into groups of twenty 
adult ovariectomized mice. The mice were injected at 9 a.m. and 5 p.m. on the 
first and second days, the volume of each injection being 0-1 ml. Vaginal smears 
were taken at 9 a.m., 5.30 p.m. and 11 p.m. on the third and fourth days, at 
9 a.m. and 5.30 p.m. on the fifth day and at 9 a.m. on the sixth day. The smears 
were stained with methylene blue before examination. A smear from which 
leucocytes were absent and in which comified cells were present was deemed to 
be positive. That is to say a smear consisting of mixed nucleated epithelial cells 
and cornified cells was counted as a positive, while a pure nucleated smear was 
counted negative. The occasional “doubtfully positive” smears have been 
counted as half positives. It is necessary to emphasize these points, since it 
appears reasonably certain that the great differences which have been reported 
in different laboratories for the potency of oestriol are mainly due to the different 
oriteria which are accepted for a positive vaginal reaction. 
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Similar tests were carried out at the same time with a highly purified specimen 
of oestriol. The curves obtained by plotting the percentage positive response of 
each group of mice against the quantity injeoted are shown in Fig. 2. The mouse 
unit is defined as the amount necessary to produce a 50% response. 




Fig, 2. x - - - x Oestriol. •-• Na salt of oestriolglucuronide. 

SUMMARY. 

1. An improved method for the isolation of the crystalline sodium salt of 
oestriolglucuronide from human pregnancy urine is described. Yields as high 
as 500 mg. from 30 litres have been obtained. 

2 . Crystallization of the crude sodium salt from anhydrous methanol yields a 
product, H.F. about 305° (decomposition and evolution of gas),which gives analyti¬ 
cal figures corresponding to a composition C^H^O^Na, 0-5 CH 3 OH. Crystalliza¬ 
tion from methanol containing traces of water yields a product, m.f. about 256° 
(decomposition and evolution of gas), which analysed to C^H^O^Na, 1-5 H a O. 

3. Spectrographic evidence provided by Dr R. K. Callow confirms the sug¬ 
gestion previously made that the phenolic hydroxyl of the oestriol is free in the 
ghicuronide. Further confirmation of this was provided by isolating oestriol 
monomethyl ether from the hydrolysis products of the methylated glucuronide. 

4. Tested on adult ovariectomized mice, the sodium salt of the glucuronide 
showed a potency of 370 m.u. per mg. Oestriol tested under the same conditions 
showed a potency of 10,700 m.u. per mg. 

The authors are greatly indebted to Dr M. Watson of the Department of 
Obstetrics and Gynaecology and to Miss Cassels of the Department of Social Service, 
Toronto General Hospital, for their oo-operation in the collection of urine. They 
also wish to acknowledge gratefully the help given by Miss Dorothy Skill in much 
of the experimental work. 
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CCCXV. THE EFFECT OF FUMARATE ON THE 
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{Received 15 October 1936.) 

The interesting theory of Szent-Gyorgyi and co-workers [Annau et al ., 1935] 
that in respiration the system fumarate-oxaloacetata functions catalytically in 
transporting activated metabolite hydrogen to the cytochrome (Warburg- 
Keilin) system has received support in the experiments of Stare & Baumann 
[1936], Using the manometric method with pigeon breast muscle and heart 
muscle (swine), the latter investigators observed the following: 

“1. The oxygen uptake of tissues is increased by very small amounts of 
fumarate and the increase is much greater than can be accounted for by the 
oxidation of the fumarate itself. 

2. Small amounts of added fumarate are detectable after prolonged contact 
with respiring tissue. 

3. The increased respiration is normal, that is, the respiratory quotient is 
not materially changed by the addition of small amounts of fumarate. 

4. Substances which yield fumarate on contact with tissue—succinate, 
malate, oxaloacetate—show a similar action to fumarate itself.” 

Recently Szent-Gyorgyi and co-workers [Annau et al., 1936] ha\e applied 
quantitative methods for the micro-estimation of oxaloacetic, pyruvic, and malic 
acids and have given additional evidence in support of their theory. They 
followed chemically the disappearance of oxaloacetic acid added to muscle and 
observed a simultaneous increase in malic acid, with only a very small increase 
in pyruvic acid. They are of the opinion that most of this pyruvic acid 
comes from the oxidation of a triose or triosephosphate and not from the 
decarboxylation of the added oxaloacetate. They have also shown chemically 
that oxaloacetate is formed in muscle tissue from added fumarate. These findings 
are of fundamental importance sinoe they give chemical indication of the 
mechanism of the catalytic action of fumarate and related compounds in re¬ 
spiration. 

The writer had the opportunity of spending some time in Prof. Szent- 
Gyfirgyi’s laboratory and of repeating and confirming the basic chemical 
estimations recently given. It is the object of this paper to report on mano¬ 
metric and chemical experiments which show the applicability of the fumarate- 
oxaloacetate catalytic theory to the respiration of the liver and kidney tissue of 
the rabbit. 

Methods . 

The measurements of oxygen consumption were made in Warburg mano¬ 
meters at a temperature of 37° and in a Ringer-phosphate buffer. As previously 
shown,[Stare & Baumann, 1936] this solution is a more satisfactory medium 
than phosphate buffer to demonstrate the activity of fumarate and related 
compounds. 

The rabbits were killed by decapitation. The liver and kidneys were im¬ 
mediately removed, washed briefly in ice cold water, ground in an ice-cold 
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mincer, and suspended in ice-cold Ringer-phosphate buffer in the concentration 
of 1 g. of tissue to 3 ml. of buffer. 2 ml. of this suspension were pipetted into each 
Warburg vessel. The volume of the fluid in the respiration vessel was always 
4 ml. 

For the chemical estimations the tissue suspension was pipetted into small 
Erlenmeyer flasks and diluted with water and various supplements to the same 
concentration as used in the respiration vessels. These flasks were agitated in a 
bath at 37° for periods from 0 to 20 min. and the reactions stopped by the addition 
of tungstic acid. The contents were then centrifuged and the clear protein-free 
liquid used for the chemical estimations. The details of the various chemical 
estimations are given by Straub [Annau et al., 1936]. It should be mentioned 
that the method of estimating pyruvic acid is affected by acetone. Using the 
nitroprusside test acetone was estimated and its formation observed to be 
negligible during the short time of these experiments. 

Results and discussion. 

Figs. 1 and 2 show the effects of fumarate and malonate on the respiration 
of liver and kidney tissue. They are representative experiments from a total 
number of eight for each tissue. The general effects previously described with 



Fig. 1. Fig, 2. 

Fig. 1. The effects of fumarate and of malonate on the respiration of rabbit liver. (Ringer-phos- 
pfaate butter— coneentrationa of fumarate and of malonate expressed as mg. added to 4 ml. 
volume m Warburg vessel.) , 

Fig* 2. The effects of fumarate and of malonate on the respiration of rabbit kidney. (Ringer- 
phosphate buffer^concentrations of fumarate and of malonate expressed as mg. added to 
4 ml. volume in Warburg vessel.) 

muscle tissue are observed, malonate inhibits respiration, fumarate “pre- 
serves it, and when both are added the malonate inhibition is overcome a n d 
the tissue appears to respire normally. Whether or not fumarateplus malonate 
shows the same conserving action as fumarate alone depends upon the intensity 
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of the respiration, the duration of the experiment, and the absolute amounts of 
fumarate and malonate present. 

Malonate is known to poison succinic dehydrogenase. As Szent-Gyorgyi 
has shown [Annau et ah, 1936] a small part of the oxaloacetic acid is reduced to 
succinate. In the presence of malonate this succinate is not oxidized to fumarate, 
and respiration is inhibited owing to a lack of essential fumaric acid. The “time ” 
at which malonate inhibits respiration, therefore, depends upon when the avail¬ 
able fumaric acid has been converted into succinate. This is dependent upon the 
intensity of the respiration, the duration of the respiration and the absolute 
amounts of fumaric and malonic acids present within the cell. 

From Figs. 1 and 2 it is observed that without added fumarate, malonate 
inhibits within the first 5 min. of the experiment, showing that by that time the 
normal fumarate content is converted into succinate. When 1 mg. each of 
fumarate and malonate are added respiration proceeds normally for the first 
15-20 min. By this time malonate inhibition is observed and it is probable that 
the added fumarate which has penetrated the cell has been inactivated by con¬ 
version into succinate. With larger amounts of fumarate a longer time is required 
for its conversion into succinate and the consequent appearance of malonate 
inhibition. Without added malonate, the conserving action of fumarate may be 
shown within such wide limits as 0-0001 to 0-02 M. 

The extent of malonate inhibition is dependent to some extent on the amount 
added. In the experiments reported, a concentration of 1 ing. in 4 ml. was used 
and an inhibition of 25-30% obtained. If the concentration is increased to 
4 mg. in 4 ml. approximately 50% inhibition is observed. This is probably a 
result of maintaining a higher concentration of malonate within the cell and thus 
more effectively blocking the succinic dehydrogenase. 

The total concentration of the various dicarboxylic acids must not be too 
high or a general non-specific inhibition of respiration is obtained after the first 
30-40 min. This appears to apply particularly to kidney tissue which seems to 
be more sensitive to such changes. 

Oxaloacetate is very rapidly reduced by tissue and hence its concentration in 
the tissue is always low. Yet its formation can be demonstrated by the hydrazine 
fixation method as described by Banga [Annau et al ., 1936]. That liver and 
kidney tissue form oxaloacetate from fumarate was shown by the following 
experiment. To a small Erlenmeyer flask were added 2 ml. of the tissue suspension, 
0-2 ml. of a saturated As 2 0 3 solution, 5 mg. of fumarate, 10 mg. of hydrazine 
hydrochloride and water to a volume of 4 ml. The mixture was shaken in a bath 
at 37° for 15 min., and then 0-5 ml. each of 10% H 2 S0 4 and 10% Na 2 Wo0 4 were 
added. The contents were centrifuged and oxaloacetate was estimated in the 
filtrate. In terms of the fumarate added there was an increase of approximately 
15% in oxaloacetate. Without added fumarate or hydrazine no oxaloacetate is 
detectable. 

According to Szent-Gyorgyi [Annau et a/., 1935] oxaloacetic acid is reduced 
by metabolite hydrogen to fumarate. Krebs [1936] has also suggested that 
oxaloacetic acid "may be reduced in the oxidation of pyruvic acid. Recently 
Laki [Annau et al, 1936] has shown by micro-chemical estimation that oxalo¬ 
acetic acid added to pigeon breast muscle rapidly disappears and that there is a 
simultaneous increase in the amount of the fumaric-malic equilibrium mixture. 
That these considerations likewise apply to liver and kidney tissue is shown in the 
following experiment. Into Erlenmeyer flasks were placed 10 ml. of the tissue 
suspension, 50 mg. oxaloacetic acid and water to 21 ml. volume. The flasks were 
shaken in a bath at 37° for periods of 0, 2, 5,10 and 15 min. and at the end of the 
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periods 2 ml. each of 10 % HjSC^ and 10 % NajWoC^ were added. The mixture 
was centrifuged and oxaloacetic acid, pyruvic acid, acetone, and malic acids were 
estimated in the clear fluid. Figs. 3 and 4 show representative experiments of this 
type. It is seen that as the added oxaloacetate disappears there is a simultaneous 
increase in the malic acid sufficient to account for about 76 % of the oxaloacetic 



Fig. 3. Liver tissue. The curves show the decrease in added oxaloacetic add and the simultaneous 
increase in malic acid together with a slight increase in pyruvic acid. 

Fig. 4. Kidney tissue. The curves show the decrease in added oxaloacetic acid and the simultaneous 
increase in malic acid together with a slight increase in pyruvic acid. 

acid lost. Since fumarate and malate exist in tissue in an equilibrium mixture, 
the increase in the latter upon the addition of oxaloacetic acid does not necessarily 
imply that it is the primary reduction product of oxaloacetate. There is likewise 
a slight increase in the pyruvic acid content. This may come from oxidation of 
a triose as suggested by Szent-Gyorgyi [Annau et al. t 1936], or since the amount 
of oxaloacetic acid originally added was rather large it may be the result of 
decarboxylation of part of it. Acetone formation, as determined with the nitro- 
prusside test, was very slight in the liver tissue during the time of these experi¬ 
ments and was absent in the kidney tissue. 

Summary. 

Manometric and chemical studies on the effect of fumarate on the respiration 
of liver and kidney tissue were made. Fumarate increases the oxygen uptake of 
these tissues by conserving the initial rate of oxygen uptake. Malonate inhibits 
the normal respiration. With an adequate quantity of fumarate, respiration 
proceeds normally even in the presence of malonate. By quantitative chemical 
estimations it has been shown that fumarate added to Hver or kidney tissue is 
oxidized to oxaloacetate. Likewise ox&loaoetic acid added to these tissues is 
reduced, as indicated by the rapid disappearance of added oxaloaoetic acid and the 
simultaneous appearance of a nearly equivalent amount of t^ fumaric^malic 
equihbrium mixture. 
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These facts suggest that the theory of fumaric catalysis of respiration, 
developed by Szent-Gyorgyi et ah for muscle tissue, applies also to liver and 
kidney tissue. 

The writer wishes to thank Prof. Szent-Gyorgyi for his most generous 
hospitality during his stay in Szeged, and also the Josiah Macy Jr. Foundation, 
New York, for providing the laboratory expenses of this investigation. 
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The numerous papers which have appeared on the endocrine control of lactation 
since the review by Turner [1932] have been admirably reviewed, and the 
present position summarized, by Nelson [1936]. It now seems clear that mam¬ 
mary development is promoted by the oestrogenic hormones of the ovary and 
the corpus luteum hormone (though the respective roles of the two types of 
hormone appear to differ among different species), while the possibility remains 
that the hypophysis may exercise some direct influence on the development 
of the mammary gland. The initiation and maintenance of lactation in 
developed mammary glands is almost certainly due to the action of the 
lactation-producing hormone of the anterior pituitary, usually called prolactin, 
which was discovered by Strieker & Griiter [1928]. 

In order to explain why the beginning of lactation coincides with parturition, 
Nelson [1932; 1933; 1934; 1935; see also Nelson & Smelser, 1933] supposes 
that the ovarian hormones which are known to be present in relatively high 
concentration in the blood during pregnancy inhibit lactation, (a) by inhibiting 
the production of prolactin by the anterior lobe of the pituitary, and possibly 
(6) by a direct inhibitory influence on the mammary gland. With the fall in the 
level of the ovarian hormones in the blood which' occurs at parturition, the 
inhibitory influences are removed and milk secretion begins. 

The experiments of Parkes & Bellerby [1926-27], who showed that the growth 
rates of litters of lactating mice receiving injections of ovarian extracts were 
smaller than those of controls, are in harmony with the theory of Nelson. 
Similar results with mice were reported byde Jongh [1933] and Robson [1934-35], 
though Hain [1935], working with rats, attributed the diminished growth rate to 
an adverse effect on maternal behaviour rather than to a physiological inhibition 
of lactation. Smith & Smith [1933] for the rabbit and Nelson [1934] for the 
guinea-pig also obtained evidence that oestrogenic hormone administration 
inhibits milk secretion. Results pointing in the same direction are those of 
Copeland [1929], who from a statistical examination of a large number of 
bovine milk records concluded that a slight decrease in milk yield occurs during 
oestrus, and those of Staffo [1930] who found conversely that/ the milk yieldts 
of ovariectomized cows exceeded that of controls. 

The above experiments on oestrogenic hormone, administration suffer from 
the defect that the small experimental animals used in them are not well 
adapted to quantitative studies on milk secretion, since with such animals the 
effect of the experimental treatment can only be indirectly inferred from 
observations on the well-being of the young. 

1 The word “phosphatase” is used throughout this paper to denote the pfetephomonoestorase 
A, [see Policy ft Kay, 1936,1]. 
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The present work had two main objects, one of which was to study quanti¬ 
tatively the effect of oestrogenic hormone administration on lactation. For this 
work the cow was chosen as experimental animal on account of its suitability 
for accurate lactation studies, notwithstanding the fact that the high cost of 
both animals and hormones precluded the use of more than a few animals. It 
was hoped that by this means reliable information would be obtained on the 
extent to which oestrogenic hormones inhibit lactation if at all. 

The second object of this work was to obtain some information on the effect 
of oestrogenic hormones on milk composition as part of a general programme of 
work now in progress at this Institute, which aims at elucidating the role of 
endocrine factors in controlling the chemical composition of milk (for work on 
thyroxine see Folley & White [1936]). 

Practically no reliable information on the effect of oestrogenic hormone 
administration on milk composition exists, though it is reported by de Fremery 
[1936] that on administering oestradiol benzoate to goats which have been 
brought into artificial lactation by successive treatment with oestradiol benzoate 
and prolactin, a change from the secretion of milk to that of colostrum takes 
place. 

Studies of the effects of oestrus and of castration on milk composition have 
contributed very little to this question. Copeland [1929] found that the fat 
content of cow’s milk was slightly increased during oestrus, while the work of 
Staffe [1930] indicates that, apart from the fat content, which he reports to bo 
increased, castration has practically no effect on milk composition. 

Exprkimentai . 

Experimental animals. Four Guernsey cows belonging to the Institute herd, 
comprising registered and “grading up” cattle, were available for experiment¬ 
ation at different times. Tabic I gives various data relating to the experimental 
animals. 

Table I. 


Name of 
cow 

Duration of 
experiment 

Wt. 

kg- 

Ago 

in 

years 

No. 

of 

Cftlf 

Weeks in 
milk at 
start 

Remarks 

Orange 4 

21. ii. 36- 
14. vii. 36 

465 

5 

3 

5f 

Aborted 34 days before 
term 

Valven 3 

21. ii. 36- 
27. iv. 36 

425 

3 

o 

6* 

Aborted 66 days before 
term 

Venus 6 

29. iv. 36- 
1, x. 36 

458 

*1 

3 


Normal parturition 

Valven 2 

29. iv. 36- 

345 


2 

6? 

Normal parturition 


5. ix. 36 

During the experiment each cow was kept indoors and given, as far as possible, 
a constant “winter” ration. All cows were milked twice daily at about 7 a.m. 
and 4 p.m., the total yield at each milking from each cow being determined on a 
spring balance to 0*25 lb. 

Injections . Two forms of oestrogenic hormone were used. In the first 
experiment, with the object of administering the highest dosage of oestrogenic 
hormone which was available at the time, a sample of crystalline oestrone 
(Organon Ltd.) was injected as a part solution and part suspension in warm castor 
oil supplemented by a small amount of a solution of 4 ‘ dihydro-follicular-hormone 
benzoate” in sesame oil (Progynon B oleosum forte (Schering)). This latter 
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preparation contains a mixture of isomerides, 6-7 mg. of which are equivalent 
in biological activity to 5-0 mg. of oestradiol benzoate. In the later experiments 
dihydro-follicular-hormone benzoate was used solely, either in the form of the 
above-named preparation or as Provetan (Schering). The prolactin (Allen and 
Hanbury) used in one experiment was a highly aotive (tested by pigeon crop 
gland response) 1 % suspension of crude prolactin, prepared by the method of 
Lyons & Catchpole (1933], in 0-3% cresol. 

Each cow received different treatment, but in each case injections were 
intramuscular and preceded by a control period of at least 14 days. Details are 
given below. 

Orange 4. A total of 485 mg. oestrone and 67 mg. dihydro-follicular-hormone benzoate was 
injected in 5 doses spaced over 2£ days. Simultaneously the control cow, Valven 3, received 
similar injections of castor oil. 

Venus 5. (a) This cow was given 5 daily injections of 2(M mg. dihydro-follicular-hormone 
benzoate, Valven 2 serving as control and receiving injections of sesame oil. 

(b) After the lapse of a month, she was given 120*6 mg. dihydro-follioular-hormone benzoate 
in 4 injections over 2 days, each injection being accompanied by an injection of 20 ml. prolactin. 
The prolactin treatment was continued as above for a further 3 days, ending on the 4th day after 
the cessation of the oestrogenic hormone injections with 2 injections of 30 mL each. 

Valven 2. 15 days after serving as control for Venus 5, this cow was given 87*1 mg. dihydro- 
follicular hormone benzoate in 4 injections spread over 4 days. 

Blood analyses. At suitable intervals during the experiments, blood samples 
were taken from the subcutaneous abdominal veins of the cows. This was 
always done at approximately 10 a.m., the sera being separated the same day 
and preserved overnight in the refrigerator. 

Total serum Ca was determined by the method of Clark & Collip [1925] 
using A T /200 permanganate and with the modification that the oxalate precipita¬ 
tion was given 24 hours; serum inorganic P by the Briggs [1922] method; and 
serum phosphatase by the procedure of King & Armstrong [1934], the incubation 
time being 30 min. at 37°. 

Milk analyses. At each milking, in addition to the determinations of milk 
yield, samples were taken for the determination of milk fat content by the 
Gerber method and of the total dry matter by evaporation. From Hie data thus 
obtained the percentage of non-fatty solids in each sample could be calculated, 
the correction for fat volume [Bartlett, 1933-34] being omitted. 

Determinations of the phosphatase content of samples of morning milk were 
made from time to time, at first by the method of Kay & Graham [1933-34] and 
later by the King & Armstrong [1934] method. At similar intervals in the 
later experiments, determinations of Ca, ash and of N distribution were made on 
morning milk samples. The ash content was determined gravimetrioally and the 
Ca therein estimated by permanganate titration of the oxalate. N distribution 
was determined by a semimicro-method developed by Rowland [1936]. The 
Parnas-Wagner micro-apparatus was used for all N determinations. Total N 
was determined on whole milk and on a trichloroacetic add filtrate. Caseinogen 
was removed by isoelectric precipitation in presence of acetic add and sodium 
acetate and the N in the filtrate estimated. Globulin was precipitated from an 
aliquot of the caseinogen filtrate by saturation with MgSO ( at neutrality and the 
N of the precipitate found. From the data thus obtained the percentage of the 
milk total N as caseinogen X, albumin X, globulin X and non-protein X could 
be calculated. „> 
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Results. 

In the case of each cow the following quantities were calculated for successive 
three-day periods: mean daily milk yield, mean daily production of milk fat, 
mean daily production of milk non-fatty solids, mean percentage of fat in milk 
and mean percentage of non-fatty solids in milk. The results for the 3 injected 
cows are plotted in Figs. 1, 2 and 3. 

Effect of oestrogenic hormones on milk yield . 

The curves for the control cow, Valven 3 (not shown), and the appropriate 
portion of Fig. 3 show that injections of the solvent oils had no effect on lactation. 
From Figs. I, 2 and 3 it is apparent that the oestrogenic hormone injections were 
always followed by a considerable decrease in milk yield. The inhibition was in 
ail cases temporary and was obviously correlated with a transient but con¬ 
siderable increase in the level of oestrogenic hormone in the blood. 

The occurrence of an inhibition is confirmed and additional information as 
to its duration in each case provided by the behaviour of the milk phosphatase 
content. Fig. 4 shows that in each experiment oestrogenic hormone treatment 
was accompanied by a tremendous increase in the milk phosphatase concentra¬ 
tion, quickly followed by a fall to more or less normal values. It may be noted 
that whereas the change in milk yield in these experiments was never more 
than approximately 20%, the increase in the milk phosphatase concentration 
varied from 300 to 1200%. 

The studies of Follcy & Kay [1936, 2] on normal lactation and of Folley & 
White [1936] on lactation in experimental hyperthyroidism have shown that 
in general an increase in the level of milk secretion is accompanied by a decrease 
in milk phosphatase concentration and vice versa. In the light of these findings 
the present results must be taken as additional proof that oestrogenic hormones, 
when injected in sufficient amount, can cause an inhibition of lactation and that 
this inhibition only lasts as long as a high concentration of oestrogenic hormone 
is maintained in the blood. 

An attempt was made to decide the question whether the inhibition was 
exerted primarily on the anterior pituitary or whether it was a direct effect on 
the mammary gland by giving Venus 5 a series of simultaneous injections of 
dihydro-follicular-hormone benzoate and prolactin. It was considered that if 
Nelson’s theory were true, prolactin administration should partially or wholly 
nullify the effect of oestrogenic hormone. The result of this single experiment, 
in which simultaneous treatment with prolactin had no action whatever on 
the results of oestrogenic hormone administration (see Fig. 2) is unfortunately 
inconclusive. It does not support Nelson’s theory but, on the other hand, it 
does not provide evidence against it since the prolactin dosage may have been 
suboptimum. Unfortunately no facilities were available at the time for doing 
further experiments on this point. 

Effect of oestrogenic hormones on milk composition . 

In the cases of all 3 cows it is evident from Figs. 1, 2 and 3 that the injections 
of oestrogenic hormones caused an immediate and striking increase in the 
non-fatty solids content of the milk. In the 2 experiments (Orange 4 and 
Venus 5 (6)) in which the total dosages were largest and spread over com¬ 
paratively short periods of time, the level of non-fatty solids in the milk 
remained considerably increased above normal for very prolonged periods, 

146-2 



2266 


S. J. FOLLEY 


CHANGE ♦ 



Fig. 1. I, percentage of non-fatty solids in milk; II, percentage of fat in milk; III, dajlv 
production of milk non-fatty solids; IV, daily production of milk fat; V, daily milk yield. 


VENDS A 



Fig. % I f percentage of non-fatty solids in milk; II, percentage of fat te* milk; HI, daily 
production bf milk non-fatty solids; IV, daily production of milk fat; V, daily milk yield. 
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amounting to over 2 months in the case of Orange 4 and over 3 months in the 
case of Venus 6. In the 2 experiments where the dosages were smaller, and more- 

valvln * 



Qt 50 75 100 125 

Days 


Fig. 3. I, percentage of non-fatty solids in milk; 11, jierecntage of fat in milk; III, daily 
production of milk non-fatty solids; IV, daily production of milk fat; V, daily milk yield. 



Days 


Fig. 4. In the case of Orange 4 the ordinates represent Kay and Graham [1933-34] phosphatase 
units in I ml. wdllr, while in the case of Venus 5 and Valven 2 they represent King and 
Armstrong [1934] phosphatase units in 100 ml. milk. 

over spread over longer periods, the effect though striking at first, quickly decreased, 
but even here a, small effect was evident for a long time (see Fig. 3, curve 1). 
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Similarly, the curves in Figs. 1, 2 and 3 show clearly that the experimental 
treatment resulted in a considerable and prolonged increase in milk fat content. 

In these experiments, therefore, administration of oestrogenic hormone 
caused, in addition to a temporary inhibition of milk secretion in the sense of a 
lessened milk volume, a very prolonged increase in concentration of solids in the 
milk secreted. The latter finding is consistent with the possibility that oestrogenic 
hormones may regulate the passage into the milk of the “isotonic diluent”, 
the existence of which was suggested by Davies [1933] as a result of a study of 
the composition of cow’s milk poor in non-fatty solids. 

Further there is some indication in the results plotted in Figs. 1, 2 and 3 that 
oestrogenic hormone treatment causes an actual increase in the efficiency of the 
mammary gland cells as regards their ability to synthesize milk constituents. 
Thus curves III and IV in Fig. 1 show that in the case of Orange 4 the lactation 
inhibition was unaccompanied by any temporary decrease in the daily produc¬ 
tion of milk fat and milk non-fatty solids. Moreover the same curves distinctly 
suggest that for more than 2 months after the cessation of injections the normal 
decline in the daily output of fatty and non-fatty solids in the milk, a decline 
which normally should follow approximately the same course as the decline 
in milk yield, was not in evidence. Both of these facts indicate that oestro¬ 
genic hormone treatment had conferred upon the mammary gland of this cow 
the power to synthesize milk constituents at a higher rate than before the 
treatment. In the cases of the other 2 cows, whilst there was a decrease in the 
daily output of both types of milk solids during the period of lactation inhibition, 
thereafter there is some indication (curves III and IV, Figs. 2 and 3) that the 
rate of decline in each case was slightly lessened. Unfortunately, circumstances 
did not permit the use for this work of two well-matched groups of cows which 
would have enabled this question to be decided by the application of statistical 
methods. 

As regards the mechanism of the prolonged effects just discussed, it was 
considered possible that whilst the anterior lobe of the pituitary might well be 
concerned in the lactation inhibition, the alterations in milk composition might 
be due to a direct effect of oestrogenic hormones on the mammary gland, 
perhaps connected with the power of these substances to promote mammary 
development. It was, however, not possible to separate the two phenomena in 
the one experiment in which dihydro-follicular-hormone benzoate and prolactin 
were injected simultaneously. Since neither hypophysectomized nor ovariectom- 
ized cows were used, it is conceivable that the above phenomena were due to an 
effect of oestrogenic hormones on the anterior pituitary, which may have in turn 
reacted upon the*ovary. In this connexion the work of Fevold et al. [1936], who 
found that administration of oestrogenic hormones increases the secretion of 
the luteinizing hormone by the anterior pituitary, comes to mind. 

In general, these results help to explain certain previously known phenomena. 
The effect of pregnancy in hastening the normal decline in bovine lactation has 
been studied by Gaines & Davidson [1926-26] who postulated the intervention of 
a then unknown depressant factor. Further, Bartlett [1933-34] has demonstrated 
that pregnancy causes an increase in the non-fatty solids content of cow’s milk. 
On the basis of the present results, these phenomena are probably due to the 
gradual rise in the level of ovarian hormone in the blood which is characteristic 
of gestation. 

Lack of effect of oestrogenic hormones on the relative proportions of the nitro¬ 
genous constituents of milk . Fig. 5 shows the effect of injection of dihydro- 
follicular hormone benzoate on the density and on 4he total N, caseinogen N, 
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ash and Ca contents of the milk of the two cows Venus 5 and Valven 2. The 
experimental treatment caused a considerable increase in the milk total N, 
partly due, as Fig. 5 shows, to an increase in the caseinogen N. As is to be 
expected, the latter phenomenon was associated with a rise in the Ca and ash 
contents of the milk. 

SfNI'sS VAl.VKN t 



Kig. 5. I, density of milk at 20II, < alr ium content of milk; III, ash content of milk; 
lV f total nitrogen of milk; V, caseinogen nitrogen of milk. 

De Fremery [1936], working with goats which had been brought into 
artificial lactation, claimed that treatment with oestradiol benzoate caused a 
change from the secretion of true milk to that of colostrum. From the work of 
Engel ft Schlag [ 1924-25] and of Crowther & Raistrick [1916] it is established 
that colostrum is richer than milk in all nitrogenous fractions, perhaps the 
most noteworthy feature of colostrum being its very high content of globulin. 
Further, Engel & Schlag have found that during the gradual transition from 
colostrum to milk there is a progressive fall in the dry matter and ash contents of 
the fluid accompanied by an increase in lactose content. 

Certain of the present findings, such as the increase in density and in the 
total solids, total N, caseinogen and ash contents of the milk following oestro¬ 
genic hormone administration, at first sight appear to be in agreement with the 
claims of de Fremery. The results of determinations of the N partition in the 
r yiillr of two of the cows, given in Tables II and III, show conclusively, however, 
that such is not the case. These results show clearly that the partition of N in the 
n^Hr of the experimental cows was not appreciably affected by injections of 
dihydro-follicular-hormone benzoate, all nitrogenous fractions participating to 
proportionately equal extents in the rise in total N. Had the treatment caused 
a transition from milk to colostrum, it is evident from the work of Crowther 
ft Raistrick that considerable alterations in N partition would have occurred. 
In particular the proportion of the total N as globulin N would have increased 
tremendously. 
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Table II. Determinations of the N 'partition in the milk of Venus 5. 


Before After 2nd series 

injections After 1st series of injections of injections 


Date (1936) 

... 12. v. 

18. v.' 

21. v. 

25. v. 

4. vi. 10. vi. 16. vi. 

24. vi. 

2. vii. 

mg. N per 100 ml. 
% of total N as 

512 

509 

545 

599 

534 569 

561 

530 

630 

Protein N 

94-6 

95*1 

94*9 

95*1 

95*3 95*3 

950 

95-2 

95*5 

Caseinogen N 

78*5 

79*2 

78-2 

78*7 

78*5 78*0 

77-8 

75-8 

79*8 

Albumin N 

10-5 

11-9 

12-5 

11*6 

90 1M 

10*0 

11*5 

10*2 

Globulin N 

5*6 

4*0 

5-0 

4*9 

7*8 6*1 

7*2 

7*0 

5*6 

Non-protein N 

5-4 

4*8 

5*1 

4*9 

4-7 4*7 

5*1 

4*8 

4*6 

Table III. 

Determinations 

of the N partition in the milk of Valven 2. 



Before injections 

_A_ 



After injections 

_A_ 


Date (1936) .. 

.. 18. v. 

21. v. 

25. v. 

4. vi. 

10. vi. 

16. vi. 

24. vi. 

2. vii. 

mg. N per 100 ml. 

% of total N as 

544 

544 

540 

566 

642 

597 

580 

586 

Protein N 

951 

95*4 

95*3 

95-7 

96-0 

95*4 

95*9 

95*3 

Caseinogen N 

77-6 

77*6 

76*8 

77*5 

77*5 

77*0 

78*3 

76*0 

Albumin N 

12-9 

12*8 

12*9 

10*8 

12*1 

10*4 

10*0 

13 3 

Globulin N 

4-6 

5*1 

5*6 

7*4 

6*3 

8*1 

7*6 

6*1 

Non-protein N 

4*9 

4*6 

4*7 

4*3 

4*0 

4*6 

4*1 

4*7 


The slight rise in the proportion of total N as globulin N which was first- 
observed on 4. vi. 36 can be explained as due to the development of a mild 
streptococcal infection of the udder, the existence of which in both cows was 
inferred from bacteriological examination of the milks carried out soon after. 
The milk of both cows was found to be free from streptococci before the experi¬ 
ment started. 

The effect of oestrogenic hormones on Ca and P metabolism . 

In Fig. 6 are plotted for all 3 experimental cows the results of determinations 
of serum Ca, scrum inorganic P and serum phosphatase. In all experiments the 
oestrogenic hormone injections caused a temporary fall in the serum total Ca. 


ORANGE« VENUS 3 VALVEI* * 



Fig. 6. I, blood serum phosphatase; II, total blood serum calcium; 
III, blood serum P as inorgariic phosphate. 


The most noteworthy feature of these results is the marked tei$poraxy rise in 
serum phosphatase which followed closely upon the drop in serum Ca. The results 
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for inorganic P were more variable, but in most cases the injections appeared to 
cause a transient rise in this quantity. 

These results for serum Ca are in general agreement with previous work. 
Leites [1924] found that castration of bitches caused a slow but marked rise in 
serum Ca while a similar effect was reported by Frei & Emmerson [1930] to 
follow castration of cows. The latter workers also observed a temporary fall in 
serum Ca following injections of oestrogenic hormones into cows. 

The rise of serum phosphatase observed in these experiments is unequivocal, 
and taken in conjunction with the changes in serum Ca, may indicate, in the 
light of what is known of serum phosphatase in bone disorders [see Folley & Kay, 
1936, 1], that oestrogenic hormones are capable of exercising, either directly or 
indirectly, far-reaching effects on the skeletal system. 

Summary. 

1. Administration of oestrogenic hormones to lactating cows has been found 
to cause a considerable, inhibition of lactation in the sense of a lessoned milk 
yield. The inhibition was temporary and appeared to depend on the attainment 
of a high level of oestrogenic hormone in the blood. 

2. After treatment with oestrogenic hormones the milks of the cows so 
treated contained considerably higher percentages of fat and non-fatty solids 
than before treatment. With high doses this effect lasted for 2-3 months. 

3. The N partition in the case of such “concentrated milk” was found to be 
normal showing that the experimental treatment had not caused the secretion 
of colostrum. 

4. Oestrogenic hormone administration caused a temporary fall in serum Ca 
quickly followed by an equally transient though considerable increase in the 
serum phosphatase. This was taken to indicate that oestrogenic hormones are 
capable of exercising generalized effects on the skeletal system. 

It is a pleasure to acknowledge the continued interest of Prof. H. D. Kay in this 
work. I am greatly indebted to ("apt. J. Golding for facilities for the determina¬ 
tion of milk fat and total solids, to Mr J. Mackintosh for access to and manage¬ 
ment of the cows and to I>r A. T. R. Mattick for bacteriological tests on milk 
samples. My best thanks are due to Dr H. Neumami of Messrs Schering Ltd. 
for very generous supplies of dihydro-follicular-hormone benzoate, Dr A. N. 
Macbeth of Messrs Organon Laboratories Ltd. for a gift of crystalline oestrone 
and Dr N. Evers of Messrs Allen and Hanbury Ltd. for the provision of prolactin. 
The kindness of Dr A. S. Parkes and Dr I. W. Rowlands in testing the potency 
of the latter preparation is gratefully acknowledged. I also desire to thank the 
Government Grant Committee of the Royal Society for a grant towards the cost 
of the apparatus used in this work, as well as the Milk Marketing Board, a grant 
from which contributed towards the expenses. 
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CCCXVII. THE EFFECT OF LIGHT 
ON THE VITAMIN C OF MILK . 1 


By STANISLAW KAZIMIERZ KON and MEARNS BRUCE WATSON. 
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{Received 26 October 1936.) 

In estimating vitamin C chemically in milk by the method of Birch et al. [1933], 
Kon [1933] observed very marked fluctuations in the concentration of that 
vitamin from day to day. 

The possible causes of this phenomenon were investigated by Mattick & Kon 
[1933], who ultimately found that milk which originally gave a positive vitamin C 
titration failed to reduce the indophenol reagent after a short exposure to light 
in glass bottles. Some time later Booth & Kon [1934] showed that 90% of the 
original power of reducing the reagent could be restored after short exposures 
to light by treating the milk with hydrogen sulphide. Longer exposure entailed 
greater irreversible losses. 

An example of the effect of light will be found in Table I. 

Table I. Vitamin C estimations carried out on milk from a pint bottle before 
and after half-an-hour's exposure to sunlight . 

Ascorbic acid in mg./lOO ml. of milk. 

Control wrapped in black 

Before exposure After exposure paper and exposed 

t -- K -\ '- A --N -- * -“S 

Before treat- After treat- Before treat- After treat- Before treat- After treat¬ 
ment with inent with ment with ment with ment with ment with 

H a S H $ H 2 S H 2 vS H 2 S H*S 

1-95 2*38 0-00 1-41 l-9o 238 

The titrations were carried out as described on p. 2275. The higher titration 
given by the unexposed milk after treatment with H 2 S is most probably due to 
previous exposure to light in the dairy (see p. 2278). 

The present paper deals with detailed investigations carried out since the 
preliminary papers were published. 

Experimental methods. 

Choice of analytical methods. 

Booth & Kon [1934], when reducing the reversibly oxidized substance, 
treated the milk exposed to light with H 2 S; the milk was then deproteinized 
with trichloroacetic acid and the serum freed from hydrogen sulphide and 
titrated. 

When the method was applied to milk in which vitamin C had been 
destroyed by heating and aeration in the presence of copper a small residual 
titration was obtained in every case. As it was highly unlikely that any vitamin C 
could have survived the drastic treatment, estimations were also carried out by 
the mercuric acetate method of Emmerie & van Eekelen [1934]. The results 

1 Read in part before the Biochemical Society, June 12th, 1930 [Watson & Kon, 1936]. 

( 2273 ) 
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are set out in Table II. In all cases 0*1 ml. of a 3% solution of CuS0 4 was 
added to 100 ml. of milk. The milk was then heated to 90° and air was bubbled 
through for various lengths of time. It will be seen from the table that the 
method of Emmerie and van Eekelen indicates complete destruction. 

Table II. The destruction of vitamin C in milk by aeration at 90 0 in the presence 
of copper measured by the. method of Booth da Kon [1934] and of Emmerie & 
van Eekelen [1934], 


Vitamin C content of milk in mg. per 100 ml. 



Time of 
heating 


r' ' 

Original milk 

... ... .V 

A 

Heated milk 

.A_ 

No. of 

Method of 

Before H*S 

After H*s' 

Before HjS 

After H*S 

exp. 

hr. 

titration 

treatment 

treatment 

treatment 

treatment 

1 

0-5 

B. & K. 

2*25 

2*80 

0*00 

0*49 

2 

2-0 

•» 

2*05 

2*63 

000 

0*45 

3 

2*0 

it 

1*87 

2-41 

000 

0*45 

4 

2*75 

nt 

1*00 

2-60 

0*00 

0*40 

5 

2*75 

fi 

4*60* 

5-50- 

000* 

0*44* 

6 

2*75 

E. & v. E. 

1*95 

2'25 

0*00 

000 


* About 3 rag. of ascorbic acid were added to this milk before heating. 


On the other hand a residual titration (equivalent to some 0-4-0*5 mg. of 
ascorbic acid per 100 ml. of milk) is obtained in all cases in which the method 
of Booth & Kon [1934] is used. The residual titration is very constant and is 
independent of the time of heating and of the amount of ascorbic acid originally 
present in milk. 

When the two methods are applied to normal milk the Emmerie & van 
Eekelen technique gives lower values and the difference is exactly the same as 
the residual titration obtained above (Table III). This makes it almost certain 
that this residual titration is due to substances other than ascorbic acid. 

Table III. Comparison of the, mercuric acetate method (M.A.) with the trichhro- 
acetic acAd method involving reduction followed by deproteinization (T.A.R.) 
and with the. trichloroacetic acid method involving deproteinization followed 
by reduction ( T.A.D .). 


mg. of ascorbic acid per 100 ml. of 
milk after reduction with H^S Difference, mg./100 ml. 

__ A. , . ■ „.. ..A_ 


Method 

(1) 

(2) 

(3) 

(4) 

(1) 

(2) 

(3) 

(4) 

M.A. 

T.A.R. 

. 1-96 

2*37 

2*10 

2*57 

2*42 

2*91 

2*241 
2*68 f 

0*41 

0*47 

0*49 

0*44 

T.A.D. 

— 

210 

2*42 

2*24 

— 

— 

— 

— 


In the mercuric acetate (Emmerie & van Eekelen) method the HjS treatment 
is applied not to milk but to serum after deproteinization. 

When the trichloroacetic acid method used by Booth & Kon [1934] was so 
altered that deproteinization preceded reduction, results identical with those 
given by the mercuric acetate method were obtained. The residual titration is 
therefore no doubt due to the action of HjS on milk with the formation of a 
substance which reacts with the indophenol reagent. 

Ascorbic acid added to milk is recovered by the mercuric acetate method 
and by the modified trichloroacetic acid method quantitatively and with equal 
accuracy (Table IV). The error is well within the limits of accuracy of the 
methods. . 
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Table IV. Recovery of ascorbic acid added to milk. 


5-7 mg. of ascorbic acid added to 100 ml. of milk. Results in mg. ascorbic acid/100 ml. of milk. 


Ascorbic acid content of milk 

t -'- Ascorbic acid 

Original Milk and ,- -a-, 

Method milk ascorbic acid Added Recovered 


o/ 

/o 

error 


M.A. 2*24 7*83 

T.A.D. 224 7*83 


5*7 5-6 

5*7 5*6 


-1*7 
-1-7 


The following procedure was finally adopted for the estimation of ascorbic 
acid in milk. 


Method and technique of estimation of vitamin C in milk . 

In a later part of this paper (p. 2284) evidence is offered that on exposure of 
milk to light ascorbic acid undergoes a reversible oxidative change to a bio¬ 
logically active product, very probably dehydroascorbic acid. This can be again 
reduced by H 2 S and reacts then with the indophenol reagent. It is further 
shown that the substance (or substances) which does not react with the reagent 
after reduction with H 2 S is biologically inert. For the sake of simplicity the 
knowledge of these findings will be assumed from the beginning of the paper. 

The titration before H.,8 treatment is referred to as “reduced ascorbic 
acid”; that obtained after it, measuring the reduced and reversibly oxidized 
forms of vitamin C, is described as “total ascorbic acid”. All values are 
expressed as mg. of ascorbic acid in 100 ml. of milk. 

Indicator. An approximately 0*04% solution of 2:6-dichlorophenolindo- 
phenol in pre-boiled, glass-distilled, water. The indicator is standardized against 
lemon juice, which in turn is titrated with 0 01 N iodine according to the method 
of Bessey & King 11933]. 

Preparation of milk. To 25 ml. of milk 15 ml. of 20 % trichloroacetic acid are 
added. The mixture is allowed to stand for a few minutes after shaking and is 
then filtered. 

Estimation of reduced ascorbic acid. oral, of clear filtrate are titrated from 
a microburette with the standardized indophenol reagent until a faint pink 
colour, which persists for 30 sec., is obtained. 

Estimaticm of total ascorbic acid (reduced and reversibly oxidized). Through 
the remainder of the filtrate a moderate stream of H 2 S is passed for about 10 min. 
The container is then stoppered and left overnight in the dark. On the following 
morning the serum, saturated with H 2 S, w r hich has become cloudy on standing, 
is filtered and the H 2 S is removed by passing a rapid stream of oxygen-free 
nitrogen until the emergent gas fails to stain moist lead acetate paper. This takes 
on the average about half an hour. Titration is then carried out as above. 

The nitrogen is purified as follows. Commercial nitrogen from a cylinder is 
passed through 4 wash-bottles containing alkaline pyrogallol and through a 
sulphuric acid tower followed by a trap. It then passes into an electrically heated 
combustion tube filled with copper turnings. The emerging nitrogen is led 
through a wash-bottle containing alkaline glucose and methylene blue 1 into 
the milk serum. 

1 A 1 % solution of methylene blue is added drop by drop to a hot 1 % solution of glucose in 
N/10 NftOH until a faint blue is obtained. The temperature is then raised until the solution 
becomes colourless. 
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Investigation of the effect of light on the ascorbic acid of milk. 

The work reported in the preliminary papers [Kon, 1933; Mattick & Kon, 
1933; Booth & Kon, 1934] was carried out on milk in commercial pint bottles. 
In the present investigation it was found more convenient to expose milk in 
smaller quantities, usually 25 ml. For this purpose the milk was placed in 3 oz. 
sample bottles shaped like milk bottles, with walls 4 mm. thick. To speed up 
the reaction the milk was frequently exposed to direct sunshine. The milk was 
obtained either from individual Shorthorn cows or from pooled Shorthorn milk 
produced on the Institute's farm. 

Effect of exposure to different sources of light and to different wave-lengths. 

Exposure to artificial light . 25 ml. of milk were exposed for 2 hours at a 
distance of 1 ft. to the light of a 12 volt 48 watt motor-car head lamp bulb 
(Siemens, gas-filled) working at 10 V. and 2-8 A. The milk gave an original 
titration of 1-33 mg./lOO ml. of reduced and 1-71 mg./lOO ml. of total ascorbic 
acid and a titration, after exposure, of 0-37 and 0-59 mg./lOO ml. respectively. 
A control sample protected from the light remained unchanged. 

Exposure to the light of a mercury vapour lamp in glass and quartz . 25 ml. 
quantities of milk were exposed as above in glass and quartz for 0*25, 0*5 and 
I hour at a distance of 25 cm. to the unscreened radiations of a Kelvin, Bottomley 
and Baird mercury vapour lamp working at 106 V. and 2*5 amp. d.c. The results 
are given in Table V. 


Table V. Effect of exposure in glass and quartz to the light of a mercury 
vapour lamp on the vitamin C content of milk . 




R. reduced, T. total ascorbic acid in mg./lOO ml. 






Time of exposure 

A. 



Original milk 

_A_ 

r" 

15 min. 

30 min. 

_ . 

* 

60 min. 

A 

Material 

R. 

T. 

R. T. 

f y 

R. T. 

f 1 

R. T. 

Glass 

Quartz 

2-32 

2*64 

1*28 1-76 

1*04 1*36 

M2 1*60 

0-80 1-44 

0-32 104 

0-24 1-04 


The figures show that a greater reversible change and greater destruction 
are brought about by exposure in quartz, especially in the case of shorter 
exposures. The difference i8, roughly, some 20 %. According to Coblentz el al . 
[1926] some 30% of the radiations of a mercury vapour lamp up to 600 mp 
(the following paragraphs show that light beyond that wave-length is inactive) 
are of a wave-length shorter than 290 mp. As ordinary glass cuts off at about 
310 mp, the loss due to passing through glass would be more than 30 %. Shorter 
ultraviolet rayB do not therefore appear to be any more potent than the longer 
radiations given off by the mercury vapour lamp* According to Ellis & Wells 
[1925], the visible radiations of the mercury vapour lamp are chiefly con¬ 
centrated in two yellow-green lines at 576*4 and 579*1 mp and a green line at 
546*1 mp. In view of the experiments with a sodium vapour lamp reported 
below, it is doubtful whether the first two lines play any role in the reaction. 
The active rays which pass through glass may therefore be due to the green 
line, and/or to the strong lines in the near ultraviolet (at 365-365*4, 398*4 and 
404*6-407*8 mp). 

Exposure to daylight through transparent cellophanes of different colours. The 
relativedes^ctive effects of differentwave-length4 have been studied byexposing 
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25 ml. samples of milk in boiling-tubes of 25 mm. internal diameter covered 
with the following colours of cellophane (300 grade)—red, brown, lemon, blue 
and heliotrope. In addition milk in a clear glass tube and in a completely 
darkened tube was also exposed. Absorption spectra of most of the cellophane 
wrappings used in this investigation will be found in a paper by Davies [1934]. 
The samples were exposed for 1 hour to February daylight. The results are 
given in Fig. 1. It will be seen that red cellophane protected the vitamin C 



Fig. 1. The ascorbic acid content of samples of milk after 1 hour s exposure to 
daylight passing through cellophane wrappers of different colours. 

almost completely, whilst the greatest change was found in the tubes covered 
with blue or violet (heliotrope) cellophane. 

Exposure to the light of a sodium lump. The relative inefficiency of the longer 
wave-lengths in the destruction of vitamin C in milk, demonstrated by the 
previous experiment, has been further confirmed by exposing milk to the 
monochromatic radiations of a sodium vapour lamp (Osira, G.E.C.) working at 
1 -35amp. and 14*4 V. Two 25 ml. samples were exposed, one for 1 hour at a distance 
of I ft., whilst the second was similarly exposed for 1 hour, and then for another 
hour at half the distance. The second sample received therefore the equivalent 
of 5 hours’ exposure at a distance of 1 ft. As Table VI shows, the sodium vapour 
light was totally without effect on the ascorbic acid of milk. 


Table VI. Effect of monochromatic sodium vapour light on the ascorbic 

acid of milk . 



R. reduced, T. total ascorbic acid in mg./100 ml. 



Exposed milk 


Original milk 

_A . . 

r 

A. Exposure for 1 hr. 
at 1 ft. 

B. Exposure as A 

1 hr. at 6 in. ™5A. 

A., 

Control exposed in 
black wrappers 

A 

R. T. 

£ * T. 

T. T. 

R. T. 

1*79 2*27 

179 2*24 

1*79 2*24 

1*79 2*27 


It will be remembered that the car lamp bulb (p. 2276) working at 28 watts 
for 2 hours at a distance of 1 ft., caused the destruction of some 65% of the 
ascorbic acid originally present in milk. Compared with this the lack of effect 
of the sodium lamp working at 19 watts for the equivalent of 5 hours at 1 ft. 
shows that light of wave-length 589 mp (and, doubtless, of longer wave-length) 
is inactive. The slight destruction caused by light filtered through “brown” or 
“lemon” cellophane is no doubt due to admixture of shorter wave-lengths. The 
experiments described above show that the shorter visible rays and the near 
ultraviolet are chiefly concerned with the vitamin C reaction. In the case of 
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daylight acting through glass the relatively much greater intensities available 
in the blue and violet regions of the spectrum would make them chiefly 
responsible for the light effect. 

Penetration of (he active rays of sunlight through milk . A thin layer of milk 
transmits an appreciable amount of light. The following experiment was carried 
out in order to see whether the transmitted rays are active. Milk was exposed 
to June sunlight in rectangular cells made of cleaned photographic plates placed 
one behind the other in a black box which was open at one end. The layer of 
milk in the cells was 7 mm. thick (Table VII). 


Table VII. Penetration of the active rays of June, sunlight through milk . 


Time of 

Reduced ascorbic acid in mg./lOO ml. 


exposure 

min. 

Original milk 

1st cell 

2nd cell 

3rd cell 

0 

A. 2 06 

— 

— 

— 


B. 2-26 

— 

— 

— 

15 

— 

A. 0-00 

A. 1-99 

— 

30 

— 

A. 0-00 

A. 1-92 

— 

60 

— 

A. 0-00 

A. 1-62 

— 


— 

B. 0*00 

B. 1 41 

B. 2-23 


Sufficient light passes through a 7 mm. thickness of milk to cause an 
appreciable drop in reduced ascorbic acid in the second cell. A layer of 14 mm., 
however, prevented action taking place in the course of an hour’s exposure. It 
is noteworthy that, according to Leikola [1932], milk absorbs more strongly in 
the red than in the blue. 

Effect of oxygen. 

When the dissolved oxygen of milk is completely replaced by an inert gas 
the reaction does not take place. A container with milk was evacuated three 
times on a high vacuum oil pump and each time the vacuum was released in an 
atmosphere of oxygen-free nitrogen. The nitrogen was then bubbled through the 
milk for half-an-hour. The container was then stoppered and the milk exposed 
for 2 hours to afternoon February sunshine. The results are presented in Fig. 2. 



fmm 


Fig. 2. Effect of light on the ascorbic acid of milk in the nreseaoe of oxygen or of aa inert gas. 
2 hours’ exposure to afternoon Februaiy sunshine. 

Effect of previous healing of the milk. 

Ascorbic acid is reversibly oxidized under the action of light jost as readily 
in milk which had been pasteurized (30 min. at 63*5°) as milk. For 

example, a IS min. exposure to June sunshine brought the concenriarion of 
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reduced ascorbic acid in a sample of laboratory pasteurized milk from 
2*10 mg./100 ml. to nil. The total ascorbic acid fell at the same time from 
217 to 1*72 mg./lOO ml. These results are very similar to data obtained under 
similar conditions for raw milk (Fig. 5 and p. 2280). 

It would seem unlikely that the enzymes of milk, which are largely in¬ 
activated during pasteurization, play a role in the process of oxidation. 

Comparison of the effects of light on whole and separated milk . 

25 ml. samples of whole milk and of milk from which most of the fat had 
been removed by centrifuging were exposed for 25 min. to pale noon sunshine in 
early March. No difference was found between the samples in either the reduced 
ascorbic acid (which was completely oxidized during the exposure) or the total 
ascorbic acid. Tt should be observed that the amount of fat left in separated 
milk is quite large compared with the amount of ascorbic acid. 

Effect of length of exposvre ; evidence of two separate reactions. 

25 ml. quantities of milk were exposed to June sky shine. At the end of 
1, 2, 5 and 8 hours analyses for vitamin 0 were carried out (Fig. 3). It will be 
seen that ail the ascorbic acid originally present in the reduced form had under¬ 
gone reversible oxidation within the first hour of exposure, and that irreversible 



Rig. 3. Effect of length of exposure to light on the concentration of vitamin 0 in milk. 

. Total ascorbic* acid. -Reduced ascorbic acid. 

changes took place progressively throughout the whole length of the experiment. 
It is at once apparent that two separate reactions must have taken place: firstly 
a reversible change of the ascorbic acid to a substance no longer able to bleach 
the indophenol reagent unless treated with hydrogen sulphide; to effect this 
first change both light and oxygen are essential and this reaction does not 
proceed in darkness (Tables XIII, XV and XVI); secondly a more gradual 
change of the product of the first reaction to a substance' which cannot be caused 
by HjS treatment to give a positive test with indophenol and is, as will be shown 
later, biologically inactive. The question arises whether or not light is essential 
to the second reaction as well. 

Is light essential to the second reaction ? 

25 ml. samples of milk were exposed for half an hour to dull daylight (end 
of March). One sample and one control were titrated immediately after exposure 
and the remainder were placed in a dark cupboard and an exposed sample and a 
Btoehem. 1936 xxx H7 
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control were removed and titrated after 1, 2, 3, 4 and 5 hours (Fig. 4). In the 
course of the half-hour exposure the reduced ascorbic acid has disappeared 
completely, leaving some 1*6 mg./lOO ml. of the reversibly oxidized form. This 
has continued to change in the absence of light so that after a further 5 hours 
only 1/3, some 0-66 mg./lOO ml., is left. The shape of the curve is very similar to 



Hours after initial exposure 

Fig. 4. Behaviour in darkness of the asoorbic acid of milk after reversible oxidation 
caused by exposure to light. 

V////y/A Exposure to light, i hour. 



Hours 


Fig. 5. Bate of decomposition of reversibly oxidized as cor bio acid 
after different periods of exposure to light. 

-Exposed for 1 hour. -Exposed for J hour. 

that obtained in the course of continuous exposure to light- (Fig. 3), and it is 
quite obvious that when only reversibly oxidized ascorbic add is left the reaction 
proceeds spontaneously for a long time without the agency of light. The truth 
of this statement is confirmed by the experiments presented in Fig. 6. Five 
25 ml. samples of milk were exposed to May sunlight for the shortest time 
necessary to cause the complete disappearance of the reduced form of ascorbio 
acid—in this case 15 min.—and 4 other samples were exposed 4 times as long. 
One sample of the first group was analysed immediately after itpostire, another 
at the same time as the fimt sample of the second group. Thereafter samples 
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from both groups were analysed together at intervals. The graph shows that the 
shapes of the two curves were very similar and that almost identical end values 
were reached. 

Investigation of the first reaction. 

Order of reaction. In the experiments described so far the exposure to light 
had been mostly too long to allow of a measurement of the rate of formation 
of the reversibly oxidized from the reduced form of ascorbic acid. As a rule the 
reduced ascorbic acid was found to have disappeared completely in the course 
of the exposure. For this reason estimations at frequent intervals were carried 
out and the rate of oxidation was followed. It was found that measurements 
made every 5 min. gave enough points for the calculation of the order of the 
reaction. Fig. 6 presents the results of two series of observations. The logarithm 



Minutes 

Fig. 6. Order of reaction of the reversible oxidation 
by light of the ascorbic acid of milk. 


Table VIII. 1Reversible oxidation of the ascorbic acid of milk under the 

action of light . 

Concentration of the reduced form at 5 min. intervals and velocity constants of reaction. 


Time 


Reading mg./100 ml. 


Difference 


Velocity constant 


min* 

1st series 

2nd series 

1st series 

2nd series 

1st series 

2nd series 

0 

206 

2*08 

0*62 

0*52 

00716 

0*0575 

5 

1*44 

156 

0-41 

0*38 

0 0670 

0*0558 

10 

1*03 

MB 

0*29 

0*29 

00661 

0*0564 

15 

0*74 

0*89 

0*49 

0*22 

0*2171 

0*0568 

20 

0*25 

0-67 

0*25 

0*22 

. _ f 

0*0796 

25 

0*00 

0*45 

_ 

0*45 


_ 

SO 

— 

0*00 






of the concentration of reduced ascorbic acid (mg. per litre) is plotted against 
the time of exposure and the straight lines obtained show unmistakably that 
the reaction is a unimolecul&r one. The bottom line was obtained in the shade 

147—2 
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on the forenoon of a cloudless June day, the top one on a dull day similarly 
in June. For very low concentrations the points, as would be expected, are off 
the lines. The last point in the top series is well within the experimental error. 
The actual readings and the velocity constants calculated from the equation 

&S-5L52? ] O g l0 (where A 0 and A are the initial and final concentrations in the 

time interval t) are given in Table VIII. 

Effect of temperature. 25 ml. quantities of milk in darkened bottles were 
placed (1) in a refrigerator at 0°; (2) at room temperature, 21°; (3) in an 
incubator at 37° until the milks had attained the temperature of the surround¬ 
ings. They were then exposed for 10 min. to skyshine (July) and titrations were 
carried out immediately afterwards (Table IX). 

Table IX. Effect of temperature on the reversible oxidation of the reduced 
ascorbic acid of milk under the action of light . 

Reduced ascorbic acid in rag./100 ml. 

After 10 min. exposure to skyshine 

f --- A -% 

Original milk 0° 21^ 37 u 

200 1*41 104 002 

Velocity constant 0*0350 0*0654 0*1347 

The temperature coefficient of the reaction, calculated according to Vau’t 
Hoff [1898] is 1-44 for the range of temperature 0-37 5 . 

The second reaction . 

Little can he said at present with regard to the order of the second reaction. 
Judging from the shape of the curves in Figs. 3, 4 and 5 there is little doubt that 
it is not unimolecular. 

Fig. 5 shows clearly that the reaction does not proceed to completion. A 
similar conclusion will be reached after inspection of the data of Table X, in 

Table X. Decomposition of reversibly oxidized ascorbic acid in milk 
kept in darkness. 

Concentration of reversibly oxidized (total) ascorbic acid after 

exposure to light (rag./100 ml.) Control after 

Original milk ,- - - A ---> 22 hr. 

Ascorbic acid Imruodi- Ascorbic acid 


duced 

Total 

.ately 
after ex¬ 
posure 

Ihr. 

1 hr. 

2 hr. 3 hr. 

4 hr. 

5 hr. 

JRe- 

22 hr. dnced 

Total 

2*20 

2*42 

1*99 

— 

1*03 

0*88 0*74 

0*59 

— 

0*59 2*13 

2*36 

1*98 

2*20 

1*77 

1*18 

0*88 

— 0*74 

— 

0*74 

0*63 1*84 

2*20 


which are shown the results of titrations of samples of milk which had been 
exposed for 15 min. to May sunshine—just long enough to convert all reduced 
ascorbic acid into the reversibly oxidized form. The samples were then kept in 
darkness and titrated at intervals. 

JHacuaawn. 

The observations bearing on the effect of light on the ascorbic arid iff milk 
may be considered from two points. In the first instance tbbjy may bp com¬ 
pared with the behaviour of ascorbic arid itself in aqueous smdia. Seoondly, 
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other changes which are known to take place in milk under the action of light 
can be considered. 

As is known, ascorbic acid readily undergoes oxidation to dehydroascorbic 
acid which is unstable in aqueous solution and undergoes a spontaneous change 
by the addition of the elements of water and opening of the lactone ring to 
2:3-diketo-l-gulonic acid. Dehydroascorbic acid itself can be converted 
quantitatively into ascorbic acid by reduction with hydrogen sulphide, but the 
diketogulonic acid cannot be reduced to more than a slight extent with this 
reagent [Herbert el al. 1933]. 

The close similarity of this chemical behaviour of ascorbic acid with the 
changes undergone under the action of light by the ascorbic aeid of milk leaves 
little room for doubt that the first step of the actinic reaction consists in the 
formation of dehydroascorbic acid. Not only is the substance in milk obviously 
a product of oxidation, but it shares further with dehydroascorbic acid the 
properties of reverting to ascorbic acid when treated with HjS and, as will be 
shown later, of being biologically active. As regards the further decomposition 
of the first oxidation product, it is possible, and even probable, that diketo- 
gulonie acid is spontaneously formed in milk. The evidence is only of negative 
character. The substance in milk, like the gulonic acid, is neither reduced by 
HjS nor does it exhibit biological activity. While it is very likely that the two 
substances are identical it will be well to remember that a reaction in the com¬ 
plex environment of milk may take a very different course from that in a simple 
aqueous solution. 

It has been known for some time (Davies [1936, 1, 2] has reviewed the 
literature on the subject) that changes of an oxidative character take place in 
milk under the action of light. The changes which occur when milk is exposed 
to sunlight in clear glass bottles are generally attributed to photochemical 
activation of the dissolved oxygen or oxygen diffusing in. Outwardly the 
action manifests itself in the tainting of milk which, owing to the oxidation of 
the fat acquires a “cardboard” flavour. 

The effect of light on the vitamin C of milk is doubtless a part of the general 
oxidative changes induced in milk by photo-activation. Whereas the oxidation 
of the fat is of an autocatalytic nature, the reversible oxidation of vitamin C 
stops when the light is removed. It may be reasonably assumed that ascorbic 
acid is present in true solution and that the velocity of reaction between 
ascorbic acid and oxygen under the influence of light is relatively high. Ascorbic 
acid would thus have priority over the emulsified fat in the competition for the 
available oxygen. In any oase, the unimolecular character of the curve of 
reversible oxidation of the ascorbic acid of milk indicates that a relatively large 
excess of oxygen is available for the purpose. 

It has been Bhown in Table 1 that half an hour's exposure to sunlight is 
sufficient to change all the asoorbic acid in a pint bottle of milk into the reversibly 
oxidised form. Chi the other hand the experiments described on p. 2278 indicate 
that a layer of milk 14 mm. thick efficiently prevents any actinic action in the 
course of I hour’s exposure to strong sunlight and that a layer of half that thick¬ 
ness outs the activity down very considerably. The rapid spread of the reaction 
through 70 mm. of milk in a pint glass bottle must therefore be explained other¬ 
wise by the penetration of the actinic rays into the milk. It is possible 
that a chain reaction is involved. 
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The effect of light ok ascorbic acid added to milk. 

So far in this paper the identity with ascorbic acid of the photo-labile sub¬ 
stance in Tnilk giving the indophenol reaction has been assumed, though not 
finally proved. The following experiments make the evidence in favour of this 
assumption, already very strong, virtually complete. 

Synthetic ascorbic acid added to milk behaves on exposure to light in exactly 
the same way as the ascorbic acid originally present. Several examples of the 
effects of light on milk fortified by addition of ascorbic acid are shown in 
Table XI. A synthetic preparation (B.D.H.) was used. 


Table XI. Effect of light on synthetic ascorbic acid added to milk . 
R. reduced, T. total ascorbic acid in mg./100 ml. 


No. of 

Original milk 

A 

mg. 

ascorbic: 

acid 

added per 

Milk + ascorbic acid 

_A._ 

Titration after 

1 hr. exposure 

- A 

Titration after 
2 hr. exposure 

_A._ 



f 

R. 

—* 

'r. t.' 

/ 


exp. 

R. 

T. 

100 ml. 

T. 

R 

T. 

1* 

2*14 

2*49 

About 4*5 

6*89 

7*14 

0*00 3*10 

Titration after 

3 hr. exposure 

. A . 

0*00 2*59 

Titration after 

7 hr. exposure 

2t 

1-93 

2*30 

8 

10*09 

10*24 

6*74 5*20 

0-00 

1*63 

3t 

1-86 

2*15 

8 

9*95 

10*17 

0*00 3*34 

000 

0*89 

4t 

1*93 

2*23 

8 

10*09 

10*25 

0*00 3*86 

000 

1-71 


* 25 ml. samples exposed. f 160 ml. samples exposed. 


It was found that with the higher concentration of ascorbic acid longer 
exposures were necessary to obtain complete reversible oxidation. Exp. 2 
(Table XI) shows, for example, that even after 3 hours' exposure, some ascorbic 
acid had been left in the reduced form. Obviously, owing to the longer exposures, 
variations in the intensity of light were much more likely to occur, and these 
account for the marked differences between separate runs. Otherwise the 
chemical behaviour of the added ascorbic acid leaves no reasonable doubt as to 
the identity with vitamin C of the substance in milk which gives the indophenol 
titration. 


Biological tests of the effect of light on the 

VITAMIN C ACTIVITY OF MILK. 

The results' so far described do not solve the problem of the vitamin C potency 
of milk which has been exposed to light. For this reason biological tests have 
been carried out. 

The planning of the biological tests presented certain difficulties. It was 
evident for example that milk after exposure to light would have to be fed and 
consumed at once to obtain a correct measure of the activity of the reversibly 
oxidized substance. Delay in consumption would bring about the further 
spontaneous changes which have been described in the preceding pages. 

This implied feeding by pipette, but the relatively low concentration of 
ascorbic acid in milk would make it necessary to give some 80 ml. within a 
short time—again a serious difficulty. Finally, the work involved in exporing 
the milks to light and carrying out the titrations, made it desirable to shorten as 
far m possible the experimental period. It was decided to increase the con- 
centra^m of ascorbic acid in milk, by addition of the synthetic substance and 
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thus out down the volume of milk required for feeding. As for the method of 
testing, a combination of Harris & Ray’s [1932] curative technique with an 
estimation of the ascorbic acid content of the adrenals [Svirbely & Szent- 
Gyorgyi, 1933] and of the liver was adopted. Macroscopical lesions noticed at 
autopsy were also taken into consideration. Non-pregnant female guinea-pigs 
were used for the test as well as males. The animals, weighing initially 250-300 g., 
were kept for 3 weeks on the scorbutic diet of Eddy [1929] and were then used 
for the tests. 

It was originally hoped to feed three types of milk: milk containing ascorbic 
acid only in the reduced form, milk with a similar content of ascorbic acid but 
only in the reversibly oxidized form and finally milk giving no indophenol 
titration even after treatment with H 2 S. In practice, owing to the long exposures 
to light required by milk containing added ascorbic acid (discussed in the 
preceding chapter) it was necessary to feed one level of reduced ascorbic acid and 
2 lower levels of the reversibly oxidized form. 

The treatment of the milk was as follows: the milk was assumed to contain 
2 mg./100 ml. of ascorbic acid (final measurements were not competed till the 
following day). 8 mg. of synthetic B.D.H. ascorbic acid were then added per 
100 ml. of milk, giving a fivefold increase in the concentration of ascorbic acid. 
A part of this milk was then fed by pipette without delay to guinea-pigs. Two 

Table XII. Biological test# of tht effect of light on the ascorbic acid in milk . 


Treatment 


Average daily 

Total ascorbic 
acid in adrenal 
(average) 

Total ascorbic 
acid in liver 
(average) 

Average 
gain or 
loss in 
weight 
during 
experi¬ 

__ _*._^ 

r -’ - —^ 

mental 

intake of ascorbic 

mg. in 

mg. in Scurvy 

period 

acid (mg.) 

mg./g. organ 

mg./g. organ score 

g- 


First experiment. Average daily intake of milk 15 ml. per guinea-pig. Duration 
of experiment 7 days. 


Unexposed milk; 
3? 

1-42 

(reduced form) 

0-22 

0050 

005 

071 

0 

+ 1 

>filk exposed 

3 hr.; 39 

(MSI 

(reversibly oxidized) 

013 

0*029 

0*04 

0*58 

+(+) 

- 12 

Milk exposed 

7 hr.; 39 

0*30 

(reversibly oxidized) 

008 

0*020 

004 

0*51 

+ *(•+) 

- 23 

Negative con¬ 
trols; 29 

000 

004 

0*014 

003 

0*46 

+ + + + 

- 58 


Second experiment. Average daily intake of milk 13 ml. per guinea-pig. Duration 
of experiment 14 days. 


Unexposed milk; 

4? 

1*30 

(reduced form) 

0*23 

0*060 

0*06 

0*80 

Trace (?) 


10 

Milk exposed 

3 hr.; 4? 

0-52 

(reversibly oxidized) 

0*10 

0023 

0*04 

0*80 

+ (t) 

4 

9 

Milk exposed 

7 hr.; 4? 

0*24 

(reversibly oxidized) 

007 

0018 

0*03 

0*42 

+ ■*■(+) 

— 

31 

Ascorbic arid 

1st level; 2? 

0*50 

(reduced form) 

0*12 

0 032 

0*05 

0*96 

+• 

4 

19 

Ascorbic arid 
2nd level; 3 <$ 

IOO 

(reduced form) 

0*28 

0 084 

005 

0*82 

Trace 

4 

34 

Negative eon- 

000 

003 

0*009 

0*03 

0*29 

4 + + + 

- 

122 


trots; 3c? 
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other samples were then exposed in clear glass bottles of 150 ml. capacity and 
internal diameter of 5 cm. on a window ledge facing south. The exposures lasted 
generally 3 and 7 hours. Examples of typical runs are given in Table XI. 
These milks were given after exposure to guinea-pigs in the same way as the 
unexposed milk. All feedings were done in a darkened room. Two separate 
feeding tests were carried out. In one test only female guinea-pigs were used 
and the milks were given for 7 days. The other test lasted a fortnight and 
employed only male guinea-pigs. In the second test control guinea-pigs receiving 
an aqueous solution of ascorbic acid were also included. The results are given 
in Table XII. 

The results of the experiments show conclusively that exposure of milk to 
light entails a loss of the vitamin 0 activity and it appears that, while the 
reversibly oxidized form of ascorbic acid is biologically active, the product of 
the subsequent decomposition is inactive. When the results obtained in the 
second experiment with the milk exposed for 3 hours are compared with those 
given by 0*5 mg. of ascorbic acid the difference in activity between the reduced 
and reversibly oxidized forms does not seem to l>e marked. This is more in agree¬ 
ment with the findings of Hirst & Zilva [1933] than with those of Roe & Barnum 
[1936], The method of titration of ascorbic acid in milk used in the present 
study appears to be a reliable guide to its vitamin C activity. 

Effect of exposure of milk to light under practical conditions. 

The following experiments were carried out in order to find out to what 
extent the vitamin C content of milk can be affected by exposure to light in the 
normal routine of handling sale milk as when e.g. it is delivered on the door-step. 

Pint and half-pint bottles of sale milk from the Institute's dairy were 
exposed in sun or shade (end of May) for half-an-hour, 1 hour and 2 hours. 
They were then placed in darkness and analysed at intervals (Table XIII and 
Fig. 7). The degree of destruction varies materially with the intensity and the 
time of exposure, and to a less extent with the size of the bottle. The loss of 
vitamin C is quite noticeable, and an exposure for half an hour in the sun 
followed by half an hour in the dark will reduce to half the amount originally 
present in the bottle. Even after short exposure in the shade, standing for a few 
hours in darkness will reduce by half the vitamin C available in a bottle of milk. 

Resistance to heat treatment of the vitamin € of milk 

BEFORE AND AFTER EXPOSURE OF THE MILK TO LIGHT. 

It is generally known that pasteurization diminishes the vitamin C content of 
milk. The loss is especially severe in the presence of copper from the pasteurizing 
plant or dairy utensils, which acts as a catalyst. But even in the absence of 
copper a varying proportion of the vitamin, depending on the method of 
pasteurization, is destroyed. As the ascorbic acid of milk, reversibly oxidized 
under the action of light, is in general less stable than the reduced form of the 
vitamin, it was of interest to investigate the behaviour of these two substances 
in the course of pasteurization. 

Half-gallon amounts of milk were obtained from the dairy shortly after milking. 
They were placed in aluminium vessels and pasteurized in the laboratmiy by the 
holder method (30 min. at 145-150° F.). Samples were analysed before and&fter 
pasteurization. The heat treatment and sampling were carried out in the 
absence of tight (Table XIV). 
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Honrs after initial exposure 

Fig. 7. Effect of half an hour’s exposure to light in sun and shade on the vitamin C content of sale milk in pint bottles. 
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Table XIV. Effect of pasteurization on the reduced and reversibly oxidized 

ascorbic acid of milk . 

R. reduced, T. total, R.O. reversibly oxidized ascorbic acid in rag./lOO ml. 

Ascorbic 

% loss in acid de- 



Raw milk 

Pasteurized milk 

pasteurization 


stroyed in 

No. of 


.A.. 


A _ 


A 

Raw milk 


r7 

1 y 

T. 


\ 

T. 


y 

poravv UA i 

exp. 

R. 

R. 

T. 

R.O. 

zatior 

1 

1-72 

2*10 

1*57 

1*72 

8*7 

18-1 

0*38 

0*38 

2 

1-95 

2*25 

1*87 

1*95 

41 

13*3 

0*30 

0*30 

3 

1*87 

2*10 

1*65 

1*65 

11*8 

21*4 

0*23 

0*45 

4 

1*78 

2*04 

1*78 

1*78 

0*0 

12*7 

0*26 

0*26 

5 

1*65 

2*10 

1*57 

1*83 

4*8 

12*9 

0*45 

0*27 

6 

1*80 

2*25 

1*72 

1*80 

4*4 

20*0 

0*45 

0*45 

7 

1*87 

2*02 

1-76 

1*80 

5* 9 

10*9 

0*15 

0*22 

8 

1*78 

2*08 

1*78 

1*78 

0*0 

14*4 

0*30 

0*30 

Average 

1*80 

212 

1*71 

1*79 

4*9 

15*5 

0*31 

0*33 


The table shows that the loss caused by pasteurization in the total (reduced 
and reversibly oxidized) ascorbic acid originally present in milk is more than 
3 times greater than that suffered by the reduced form. This means that it is 
chiefly the reversibly oxidized acid that has been destroyed. In fact it can be 
seen from the last columns of Table XIV that the reversibly oxidized acid present 
in raw milk accounts quantitatively for the net loss due to pasteurization (that is 
for the difference in total ascorbic acid before and after the heat treatment). 

It has been found that milk taken directly from the udders of normal cows 
contains only the reduced form of ascorbic acid. These findings will l»e presented 
in a separate paper but the effect of heat treat ment on the ascorbic acid of such 
milk is given here. pints of milk were obtained in the absence of light directly 
from the udder through the teat-cup lining of a milking machine into an 
aluminium pasteurizing vessel. The milk was pasteurized immediately at 145- 
150° F. for half-an-hour. Samples were taken in darkness for analysis before 
and after pasteurization. The results obtained with the milks of 2 cows arc given 
in Table XV. These results show conclusively that reduced ascorbic acid is not 
affected by pasteurization provided that catalysing metals are absent. 


Table XV. The effect of pasteurization in the presence or absence of added, 
copper on the vitamin C content of milk obtained in darkness . 


No. of 
exp. 

1 

2 


R. reduced, T. total ascorbic add in mg./lO0 ml. 


Raw milk 

-A . 

f ^ 

R. T. 

2*17 2*17 

2-02 2*02 


Pasteurized milk, 7 parts 
Pasteurized milk, per million of cooper 

no copper added added as CuS0 4 


r* ' 11 ■ 

R. 

a « ^ 

T. 

t — 

R. 

— -*% 
T. 

210 

2*17 

— 

— 

2-02 

2*02 

0*00 

0*45 


For a final experiment 4 pint bottles of freshly produced milk were obtained 
from the daily. 2 were kept in dark wrappers and 2 were exposed to intermittent 
July sunshine for 35 min., which was the minimum tuns necessary to produce 
almost complete reversible oxidation. The two types of milk were then 
- pasteurised for half an hour in aluminium vessels. Table XVIoonfirma again 
the instability of the reversibly oxidized and the resistance to hast treatment of 
tfce reduced form of ascorbic acid. 
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Table XVI. Effect of pasteurization before and after exposure to light on the, 
ascorbic acid content of milk . 


R. reduced, T. total, R.O. reversibly oxidized ascorbic acid in mg./lOO ml. 


Raw milk 

K 


Pasteurized milk 

_> 

Raw milk 
R.O. 

Ascorbic acid 
destroyed in 
pasteurization 

/' m 

R. 

T.' 

t - ' ^ 

R. T. 

215 

2*37 

Milk not exposed to light. 
215 211 

U-22 

0-26 

0-26 

1-63 

Milk exposed to light. 

0-22 0-52 

1*37 

Ml 


It will be noticed that the figure for total ascorbic acid in unexposed 
pasteurized milk is lower than that for the reduced. The difference is however 
within the experimental error of the method. 

All these experiments make it clear that it is primarily the amount of 
reversibly oxidized ascorbic acid present in milk that governs the loss of 
vitamin C during pasteurization by the holder method and not necessarily the 
presence or absence of oxygen during the process. By analogy with the 
mechanism of the change of pure ascorbic acid in aqueous solutions: 

0* + H 2 0 

Ascorbic acid 4-— dehydroasoorbic acid — » 2:3-diketn-i-guloriic acid, 

the thermal decomposition of the reversibly oxidized ascorbic acid in milk may 
well not require the presence of oxygen. This view is certainly in agreement 
with the experiments of Rundberg [1934], who found no difference between 
pasteurization at 63° for half an hour in vacuo or in contact with air, as far as 
the destruction of vitamin C was concerned. 

Differences in the initial exposure of milk to light and therefore in the amount 
of reversibly oxidized ascorbic acid present in the milk probably account for the 
very divergent statements found in the literature as to the extent to which 
vitamin C is destroyed by pasteurization. 

Summary. 

1. Milk giving a positive chemical test for vitamin C fails to reduce the 
indophenol reagent after exposure to daylight through glass ; the reducing power 
can be restored to a varying extent by treatment with H 2 S, but irreversible 
losses always take place. 

2. Visible light of short wave-length (blue and violet) is mainly responsible 
for the reaction. Ultraviolet light is also probably active. Yellow and red are 
almost without effect. 

3. The action of light does not take place in the absence of oxygen. The 
reversible oxidation under the action of light follows the laws of a unimolecular 
reaction and has a temperature coefficient of 1-4 for the range of temperature 
0-37®, It is possibly a chain reaction. The decomposition of the reversibly 
oxidized ascorbic acid is of a more complicated order and does not run to 
completion. 

4. It is suggested that the effect of light on the ascorbic acid of milk is a 
part of the general oxidative changes induced in milk by the actinic activation 
of oxygen. It is also suggested that the mechanism of the breakdown of 
ascorbic acid in milk is similar to the known oxidative decomposition of this 
substance, namely that dehydroascorbic acid is formed in the reversible oxida- 
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tion and that the opening of the lactone ring takes place in the course of the 
further irreversible changes. 

5. Synthetic ascorbic acid added to milk behaves, under the action of light, 
in the same way as the ascorbic acid originally present. 

6. Tests on guinea-pigs carried out on milks to which ascorbic acid had been 
added confirm the chemical findings. They show namely that the reversibly 
oxidized substance formed under the action of light is biologically active, but 
that the decomposition products which fail to decolorize the indophenol reagent 
after the treatment with HgS are devoid of activity. 

7. A pint bottle of milk exposed under practical conditions on the doorstep 
for half-an-hour in the sun and then kept for 1 hour in the darkness loses fully 
half of its original antiscorbutic properties. 

8. Pasteurization by the holder method destroys the reversibly oxidized, 
but does not affect the reduced, form of ascorbic acid in milk. Milk as secreted 
by the normal cow contains only reduced ascorbic acid. The amount of destruc¬ 
tion of vitamin C caused by pasteurization in the absence of catalytic metals 
depends on the previous exposure of the milk to light. 

Our best thanks are due to Miss D. V. Dearden for much help in obtaining 
the samples of milk. 
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The investigations described in this contribution were undertaken [van Eekelen, 
1936] to answer the following questions: (1) Do the ascorbic acid content of the 
blood and the daily urinary output of it depend on the amount of vitamin C 
stored in the human organism ? Is it possible to get an insight into the state of 
saturation of a given subject, for the special purpose of detecting hypovita- 
minosis, by determining the ascorbic acid in blood or in urine? (2) What are the 
normal daily requirements for ascorbic acid of human adults? 

Van Eekelen et al. [1933, 1] and Johnson & Zilva [1934] have shown that, 
following intake of large doses of ascorbic acid, the organism can be saturated to 
such an extent that a further dose of ascorbic acid is partly or entirely excreted 
in the urine. In this way the storage of ascorbic acid in a certain subject can be 
investigated by determining the amount of ascorbic acid required to reach the 
point of saturation. We shall consider this point to be reached when a daily 
(lose of 250-400 mg. ascorbic acid results in a definite rise of urinary output 
(about 30 mg. above the normal average). This does not indicate complete 
saturation, in which case nearly the total amount taken in is excreted. 

The questions arise: What is the amount of ascorbic acid in the blood when 
this point of saturation has been reached ? Do the amount in the blood and the 
daily urinary output of ascorbic acid decrease when a saturated experimental 
person lives for some time on a diet dovoid of vitamin C ? When a decrease results 
an increase can be expected by saturating the person again. 

By this experiment it is possible also to calculate the daily requirements for 
the vitamin supposing that the quantity of ascorbic acid necessary to saturate 
the subject at the end of the dietetic period equals the amount required during 
this period. No reasons against this supposition could be detected. To he sure 
that the dietetic prescriptions were followed as strictly as possible and that the 
urinary examinations could be done in time the writer himself was the experi¬ 
mental subject. 

Methods. 

Determination of ascorbic acid in urine .. The ascorbic acid was determined by 
titration with 2:6-dichlorophenolindophenol standardized against crystalline 
ascorbic add (about 10 ml. indicator corresponds to 1 mg. ascorbic acid). Urine 
contains besides ascorbic acid other substances reducing the indicator, e.g. 
ergothioneine [Sullivan & Hess, 1933] and thiosulphates [van Eekelen, 1934]. 
For this reason it is necessary to remove these interfering substances by pre¬ 
cipitation with mercuric acetate [Emmerie, 1934; Emmerie Sc van Eekelen, 
1934; van Eekelen & Emmerie, 1936]. The urine is examined immediately 
after it has been voided. 


( 2291 ) 
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Determination of ascorbic acid in blood. In blood also reducing substances 
other than ascorbic acid are present (e.g. ergothioneine, glutathione) which can 
be removed likewise by precipitation with mercuric acetate. Thus, the blood being 
precipitated with trichloroacetic acid, merouric acetate is added, the mixture 
neutralized with CaCO s until slightly acid (Congo red paper remaining unaltered, 
blue litmus paper turning to red) and treated with H 2 S [Emmerie & van Eekelen, 
1934]. 

Hardly any reducing substances are present when the blood filtrate is titrated 
after precipitation with trichloroacetic acid (before the treatment with mercuric 
acetate and HjS) even when pure ascorbic acid has been added previously. 
From this experiment we have earlier concluded [van Eekelen et erf. 1933, 2] 
that the ascorbic acid in the blood is present in the reversibly oxidized state and 
that an added quantity of ascorbic acid will be reversibly oxidized by the blood. 
The following determinations however demonstrate in agreement with Kellie & 
Zilva [1935; 1936] that this supposition is not true [van Eekelen, 1935], 


Table I. mg, ascorbic acid per 10 ml. ox blood, plasma and erythrocytes . 


Blood 

Plasma 

Erythrocytes 

Blood+0*9 mg. ascorbic acid 
Blood, centrifuged; in 5 ml. plasma 
Blood+4*92 mg. ascorbic acid 
Plasma + 4*92 mg. ascorbic acid 


After 

precipitation 
with CCljCOOK 


After precipitation 
with 001,000H 
After and Hg(CH/’00) a 
reduction and reduction 
with H 2 S with H t S 


0 0*28 0*042 

0*035 — 0*034 

0 — 0*050 

0*15 — 0*93 

0*75 - 0*75 

3 31 — 4*91* 

4*89 — 4*91t 


* Calculated 4*95. 


f Calculated 4*94. 


Table I shows: (1) Ascorbic acid is present both in the plasma and in the 
erythrocytes. (2) Precipitation with mercuric acetate is necessary because after 
reduction with HjS without precipitation with mercuric acetate a larger amount 
of reducing substances is found. This demonstrates the presence of reducing 
substances other than ascorbic acid. (3) In plasma ascorbic acid is present in 
the reduced state. (4) During the precipitation with trichloroacetic acid, the 
ascorbic add becomes reversibly oxidised if erythrocytes are present. This 
oxidation occurs especially when the blood is oxygenated. After treatment with 
C0 2 or CO only a small part of the ascorbic acid is oxidized (Table II). 


Table II. 


10 ml. aerated blood +4*92 mg. ascorbic acid 

10 ml. blood saturated with OO s +4*92 mg. ascorbic acid 

10 ml. blood saturated with €0 +4*92 mg. asoorbic acid 


After 

precipitation 
with OT 3 C00H 

3*31 

4*72 

4*72 


After precipitation 
with OOLCOOH 
and Hg(CH J COO) i 
, and reduction 
with HjS 
4*91 
4*89 
4*89 


Thus we have offered suffident evidence that the determination of ascorbic 
acid in blood is unreliable without treatment of the trichloroaoetio extracts with 
mercuric acetate and H*S. From the data above results of 

determining the vitamin in serum directly, without treatment with mercuric 
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acetate and H^S [Gabbe, 1934; Farmer & Abt, 1935; Abt et al., 1936; Taylor 
el al. f 1936]. However, it is advisable to apply the mercuric acetate and HjjS 
procedure because in serum also other interfering reducing substances may occur 
or the ascorbic acid may be partly reversibly oxidized (e.g. after haemolysis). 

Experimental details. The experimental person was a man, aged 30 years, 
height 178 cm., weight 90 kg. The investigations were done from August to 
December 1935. The diet devoid of vitamin C contained bread, butter, cheese, 
eggs and water. For the saturation tests crystalline ascorbic acid (Hoffmann- 
La Roche) was taken. 

The course of the experiment is given in Table III and Fig. 1. 

Table III. 



rag. 

ascorbic 

acid 

ml. 

Daily 

urinary 

output 

mg. 

mg. 

ascorbic 

acid 

g. faeces 

mg. 

ascorbic 

Number of 
petechiae. 


taken 

urine 

ascorbic 

per I. 

excreted 

acid in 

Left arm ( L) t 

Date (1935) 

in 

excreted 

acid 

blood 

per day 

faeces 

right arm (if) 

29. vii 

— 

— 

— 


— 

— 

— 

30 

— 

742 

131 

— 

- 

- 

— 

31 

— 

875 

12-4 

— 

__ 

— 

•- 

1. viii 


833 

13*4 

11-2 

175 

4-6 


2 

250 

929 

16*6 

11*7 

-- 

... 

— 

3 

250 

780 

23 

16*8 

120 

3*6 

— 

4 

— 

793 

17-2 

15 

140 

3*8 

.... 

r> 

250 

769 

45‘6 

17 

143 

43 

— 

6 

— 

675 

15*8 

15 

140 

4*1 


7 

-- 

754 

13*7 

— 

76 

32 

-- 

8 

- 

— 

— 

— 

128 

3*3 

- 

13 

- 

- 

— 

9-6 



— 

17 

- 

1046 

10-5 


— 

_ 


18 


903 

12 

— 

- 


— 

19 

— 

770 

10*2 

— 

— 

— 

.... 

21 


— 

— 

6 

- 

— 

— 

22 

- 

847 

11*9 




- 

23 


819 

11-2 

— 

- 

— 

.... 

28 

— 

902 

10-2 


— 

— 

— 

29 

- 

830 

10-1 

— 

- 


— 

30 


— 

— 

4-3 

... 

... 

— 

4. is 

— 

— 

_ 

_ 

_ 

_ 

7,0 

7 

- 

910 

9*2 

— 


- 

— 

8 

----- 

845 

8*4 


143 

4*2 

— 

9 

— 

— 

— 

3-7 

-- 

~~ 

— 

13 


855 

91 



— 

— 

14 

— 

777 

8 

— 

- 

— 

L 0 

15 

— 

790 

7-6 

— 

— 

— 

— 

16 

— 

— 

_ 

3 1 



— 

23 

— 

713 

9 

25 

— 

— 

* — 

24 

— 

807 

8*1 

_ 

— 


— 

28 

— 

889 

8 

— 

. - 

— 

h 2, Ji 1 

29 

— 

—- 

— 

— 

142 

4*7 

—* 

1.x 

— 

_ 

_ 

3 

_ 

_ 

— 

4 

— 

727 

6*7 

— 

— 


— 

9 

— 

769 

7-8 

— 


— 

— 

11 

— 


—* 

2*3 

— 

— 

— 

12 

— 

_ 

_ 

_ 

— 

— 

L3, 72 2 

21 

— 

660 

7*2 

22 

-— 

— 

— 

26 

— 



_ 

— 

.— 

m 

28 

■— 

789 

7 

19 

145 

7*4 

— 

29 

2x250 

678 

8*8 

— 

— 

— 

— 

30 

2x250 

764 

91 

— 

— 

— 

— 

31 

2x250 

699 

10*9 

5 

— 

— 

— 
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Table HI (cant.). 



mg. 

ascorbic 

acid 

ml. 

Daily 

urinary 

output 

mg. 


taken 

urine 

ascorbic 

Date (1935) 

in 

excreted 

acid 

l.xi 

2x250 

688 

151 

2 

250 

682 

15-9 

3 

250 

688 

12-9 

4 

— 

678 

12*2 

5 

250 

656 

14-5 

6 

250 

727 

19 

7 

250 

646 

355 

8 

— 

594 

15 

9 

— 

761 

14-4 

n 

— 

556 

12-9 

12 

— 

— 

...» 

16 

— 

614 

10-5 

21 

— 

— 

-- 

26. 

— 

625 

101 

27 

— 

607 

9-2 

28 

250 

661 

9-5 

29 

250 

728 

10*3 

30 

250 

651 

10-7 

1. xii 

250 

683 

13-3 

2 

250 

737 

J5-8 

3 

250 

604 

21*6 

4 

250 

55 6 

395 


mg. 

ascorbic 


mg. 

Number of 

acid 

g. faeces 

ascorbic 

peteohiae. 

per 1. 

excreted 

acid in 

Left arm (L), 

blood 

per day 

faeces 

right arm (M) 

, _ _ 

186 

8*7 

— 

8*9 

— 

*— 

— 

9*4 

— 

— 

... 

13*3 

— 

_ 

_ 

14*4 

— 



10*6 

__ 


_ 

8*3 


•— 

— 

6*6 

-- 

— 

— 

5*1 

- 

- 

— 


13-2 
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From this table it will be seen that the diet deprived of vitamin C began on 
29 July. On the next 3 days the amounts of ascorbic acid excreted in the urine 
were determined (about 13 mg. per day). After an intake of 250 mg. daily 
during 3 days a definite rise in the urinary output was observed (a surplus 
excretion of about 30 mg. on 5 August). 

By determining the ascorbic acid oontent of the faeces it was shown that an increased excretion 
with the faeces did not occur when large doses of ascorbic acid were given (see Table III). 

Following this saturation the diet devoid of vitamin C was continued until 
29 October. At intervals the ascorbic acid content of the blood and the daily 
urinary output were determined. The amount in the blood being 11*2 mg./l. 
before the experiment began was 11*7 mg./l. after 250 mg. had been taken and 
increased to 16*8 mg. after the second dose of 250 mg. (determination 3 hours 
after intake of ascorbic acid). On the day of this increased amount in the 
blood a somewhat larger urinary excretion was observed (23 mg. instead of 
13 mg.). The next day (4 August) no ascorbic acid was taken in; the amount 
in the blood decreased to 15 mg./l. On 5 August 250 mg. were taken in again and 
a greatly increased excretion (45*6 mg.) resulted. Compared with the amount on 
3 August the content of the blood oidy rose to 17 mg./l. (3*5 hours after intake). 
This increase was transitory, the next day 15 mg. were found. So it appeared 
that a surplus excretion of ascorbic acid in the urine occurs when a certain level 
in the blood (about 16 mg./l.) is surpassed. In the course of the dietetic period the 
daily urinary output slowly decreases: after 83 days from about 13 mg. to about 
7 mg. with, however, large fluctuations. Compared with this observation the 
decrease of the amount in the blood is more important however only during 
the first period of the experiment (after 25 days from 15 mg. to 4*3 mg./l.). 
During the next period the decrease was less marked (after 59 days from 4*3 to 
1*9 mg./l.). 

After 84 days of the regimen ascorbic acid was again taken. To reach the point 
of saturation more quickly two doses of 250 mg. were taken daily during the 
first days, then daily doses of 250 mg. were taken (as at the beginning of the 
experiment) to avoid the point of saturation being suddenly largely exceeded. 
3250 mg. were necessary to restore saturation (7 November, 35*5 mg. were 
excreted in urine). In the course of the saturation the amount in the blood and 
in the urine increased. At the point of saturation the amount in the blood was 
14*4 mg./l. The regimen was continued for another 20 days; the amount in the 
blood decreased to 5*1, the urinary output to 9-10 mg. per day. By taking 
1750 mg. of ascorbic acid saturation was again reached. The amount in the blood 
rose to 13*2 mg. 

From these experiments it follows that together with the development of a 
vitamin C deficiency the amounts of ascorbic acid in the blood and in the urine 
decrease. This agrees with the findings of Abt et al. [1936] and Taylor et al . 
[1936] on the ascorbic acid content of blood serum. It appears to be possible 
to get an insight in the state of saturation of a given subject by determining the 
ascorbic acid oontent of the blood or of the urine. For this purpose the estimation 
in the blood is preferable, for it is less complicated because it needs only one 
examination whilst the excretion in the urine has to be determined during 24 
hoars and immediately after voiding. Furthermore there are rather large 
fluctuations in the daily output of the same subjeot. Moreover, the daily output 
is very unequal in different subjects with about the same state of saturation, 
in the nearly saturated state varying from 9 to 27 mg. The amount in the blood 
decreases more and more quickly than that of the urine. The relation between 
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the state of saturation and the content in the blood however is not linear. 1 For 
this reason three classifications only appear reasonable: about or above 13 mg./l. 
signifies saturation, below 4 mg. has to be considered as insufficient, between 13 
and 4 mg. more or less sufficient. 

In illustration of the facts described above some determinations are given 
of the ascorbic acid content of the blood before and after saturation with ascorbic 
acid of three patients probably suffering from scurvy. 

In two patients the initial ascorbic acid contents were 3*8 and 2*2 mg./l. 
After saturation with daily oral doses of 300 and 400 mg. to an amount of 
3300 and 4000 mg. ascorbic acid the concentrations in the blood increased to 
12*8 and 13 mg./l. In the third case the patient was saturated with 400 mg. 
asoorbic acid daily given per os or intravenously. The amount in the blood was 
estimated just before the daily dose of asoorbic acid was given, except on 
25 February (6 hours after administration). The ascorbic acid content of the 
urine was investigated during 5 hours after administration of the ascorbic acid. 
The results are given in Fig. 2. 



t ft It t t t t t t 

i i oooi ooooo 

Fig. 2. i=Intravenous, o-per os. 

The figure shows that after intravenous administration of ascorbic acid 
an increased urinary excretion already results before the point of saturation is 
reached. This can be explained by the supposition that after the injection the 
amount of ascorbic acid in the blood rises for a short period above the excretion 
level. 

1 Note added i December 1936. Determining the concentration of asoorbic acid in the blood 
and the quantity necessary to saturate different subjects I have found that the relation between 
these values is linear. A concentration in the blood of 4 mg. per t corresponds with a saturation 
dose of about 2g.; 8mg. per L corresponds with a dose of 1 g. ascorbic add (for subjects with a 
body weight of 701*g. The decrease of asoorbic add in the bipod during a dietetic period (see 
Fig. 1) is not linear because the use of ascorbic add decreases during this period# as has been 
demonstrated in this paper* 
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The capillary resistance test*. 

According to Gothlin [1931] and Dalldorf [1933] the capillary resistance 
depends on the state of saturation; a lowered capillary resistance should indicate 
a deficiency. 

During the first experiment described above some changes in the capillary 
resistance might have been expected at the end of the dietetic period. A con¬ 
siderable deficiency could be demonstrated by the saturation test (viz. 3250 mg. 
ascorbic acid had to be taken to reach the point of saturation). Yet the capillary 
resistance remained normal (see Table III). The technique of the measurements 
was that given by Gothlin (50 mm. Hg pressure during 15 min.). It appears 
noteworthy that at the end of the experiment (after 84 days) no other symptoms 
of vitamin C deficiency than fatigue and irritability could lx? observed; the 
body-weight remained constant. 


Daily human requirements. 

During the first experiment lasting from 6 August to 7 November, 3250 mg. 
ascorbic acid were taken (Table III). To calculate the amount stored or used in 
the body from the quantity taken must be subtracted the amount of ascorbic 
acid excreted above the normal average during the last few days of intake (about 
30 mg.). The experiment lasting 94 days the daily requirements amount to 


3220 

94 


= 34 mg. 


Thi# result differed somewhat from that of a similar informative experiment done in 1934. 
In this experiment the ascorbic acid content of the urine was estimated directly, without treatment 
with mercuric acetate and H 3 S. This omission did not influence the main result of the experiment 
because the aim was the registration of a definite peak in the urinary output of ascorbic acid. That 
experiment lasted 40 days, 1850 mg. were required, the daily requirements amounted to 45 mg. 

The difference between these two experiments can possibly be accounted for 
by their different durations. The decreased urinary output of ascorbic acid at the 
end of the dietetic period eventually indicates restricted requirements. The re¬ 
quirements should be dependent on the amount of the vitamin stored in the 
organism. To test this supposition another experiment was done lasting only 
27 days, from 7 November to 4 December (Table III, Fig. 1). During this period 
the organism has riot been depleted appreciably (the amount in the blood 
became 5*1 mg./l.). 1750 mg. minus 38 mg. (surplus excreted) were required to 
saturate the organism again. From this determination a daily requirement of 
63 mg. can be calculated (1712/27). Thus we may suppose an adaptability of the 
daily requirement to the amount of ascorbic acid stored in the organism. The 
requirement decreases when the organism becomes depleted. During a period 
without strongly depleted depots the amount used daily is 63 mg. 

According to this method [van Eekelen, 1936] van Wersch [1936, I, 2] has 
determined the daily requirements for himself (man 38 years, height 168 cm., 
weight 72 kg., duration of the experiment 31 days) and for a female patient 
suffering from degeneration of the skeleton probably caused by chronic scurvy 
(age 18 years, height 136 cm., weight 53 kg., duration of the experiment 
17 days). Requirements amounting to 56 and 44 mg. respectively resulted (the 
concentrations in the Wood after saturation were respectively 13 and 13*7 mg./l.). 
Evaluating the daily requirements of these three experimental persons per kg. 
body weight, a dose agreement can be observed when the weights are corrected 
to the body lengths (calculated from ShalTs [1933] height-weight-age table). 
(See Table IV). 


148—2 



M. VAN EEKELEN 



Height 

Table IV. 

Weight Corrected 

Daily 
require¬ 
ments mg. 

Daily 

require¬ 

ments 

Daily 

requirements 
per kg. 
corrected 


cm. 

kg- 

weight 

ascorbic add 

per kg. 

weight 

Van Eekelen 

178 

90 

74-6 

63 

0-70 

0*84 

Van Wersoh 

166 

72 

67 

56 

078 

0*84 

Patient J 

136 

53 

? 

44 

0*83 

0*83 


From this the conclusion may be drawn that corpulent people require per 
kg. body weight leas ascorbic acid than slender ones. Possibly the adipose tissues 
require little ascorbic acid. 

From the data presented it follows that the daily requirements for healthy 
adults weighing 70 kg. amount to about 60 mg. 

For a further discussion of the daily human requirements I will refer to the 
communication of Heinemann in this number of the Journal (p. 2299). 

Summary. 

The content of ascorbic acid in blood and its urinary output depend on the 
amount of vitamin C taken in and on the quantity stored in the organism. 
Saturation of the organism coincides with a certain level in the blood (about 
13mg./l.). This level being surpassed surplus excretion in the urine results. 
To estimate the rate of saturation the determination of ascorbic acid in the blood 
has proved to be the most reliable method (besides the saturation test). A 
method to determine daily human requirements for ascorbic acid is described. 

The daily requirements are dependent upon the amount stored in the 
organism, they are largest when the subject does not become markedly un¬ 
saturated. 

The daily dose required for adults weighing 70 kg. amounts to about 60 mg. 
under normal conditions. 
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CCCXIX. I. ON THE RELATION BETWEEN DIET 
AND URINARY OUTPUT OF THIOSULPHATE 
(AND ASCORBIC ACID). II. HUMAN REQUIRE¬ 
MENTS FOR VITAMIN C. 

By MARTIN HEINEMANN. 

From the Laboratory of Hygiene, University of Utrecht. 

(Received 17 September 1936.) 

Part I. 

Fob several vitamins the quantity necessary to maintain health depends on the 
composition of the diet. Rats, for instance, need more vitamin D while on a diet 
with little phosphorus and with abundant calcium than with P and Ca offered 
in equal doses. It is known also that man requires more vitamin the greater 
the carbohydrate content of the food. 

As to vitamin C, Ahmad [1936] and Chakraborty & Roy [1936] have recently 
shown that the reducing capacity of urine (against dichlorophenolindophenol) 
increases during a high protein diet. If there really exists a greater urinary 
excretion of ascorbic acid during a high protein diet, greater requirements 
of the organism, too, may be expected. Both authors titrated the urine 
without previous treatment: they did not eliminate interfering reducing sub- 
stanoes other than ascorbic acid by precipitation with mercuric acetate [Emmerie, 
1934]. Van Eekelen [1934; 1935, 1] observed a normal amount of ascorbic acid 
in urine with a very high total reducing capacity (as determined by direct 
titration), the latter being chiefly due to an increased excretion of thiosulphate. 

By evaluating during different diets the amounts of total reducing sub- 
stances and also of ascorbic acid, conclusions have been reached which differ 
from those of Ahmad and Chakraborty & Roy. 

Experimental. 

Determination of ascorbic acid (and non-specific reducing substances). 

The titrations were carried out in acid medium with 2:6-dichlorophenol- 
indophenol [Tillmans et al., 1932; Harris & Ray, 1933; Birch et al., 1933; 
Johnson & Zilva, 1934], standardized against crystalline ascorbic acid. 

As to the technique of eliminating interfering reducing substances by pre¬ 
cipitation with mercuric acetate and reduction with H,S we refer to Emmerie & 
van Eekelen [1934] and van Eekelen & Emmerie [1936]. 

The urine was both titrated directly and after treatment with mercuric acetate 
immediately after it had been voided. From the following table it may be 
observed that the reducing capacity may diminish even if the urine is kept with 
glacial acetic acid in the ioe-box (as recommended by several investigators). 

Direct titration: 

1 mi. urine immediately 0-23; after 16 hours 0-17 ml. indicator 
„ 0-26 „ 11 „ 0-20 
„ „ 0-17 „ 8 0 -17 

,, „ 0*26 „ 6 ,, 0-22 ,, 

After precipitation with mercuric aoetate: 

Added immediately after voiding 10-0 ml. urine 1-32 ml. indicator 
„ 6 hours „ 10*0 „ 1-08 „ 

( 2299 ) 
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Such a decline is the more important since the urine voided during the 
evening and during the night is generally kept for a considerable time and 
because particularly this urine is rather more concentrated (observed also by 
Harris et ah [1933]). 

To determine the ascorbic acid in blood the method described by Emmerie & 
van Eekelen [1934] was used. 

Diets. Two diets were used; the first contained 100 g. of rice with 60 g. of 
raisins, or 100 g. of spaghetti on alternating days, 600 g. of brown bread, 126 g. 
of butter, some honey, one egg and tea with sugar (per day). The second diet 
was composed of 760 g. beef, 6 eggs, 126 g. of butter, 400 g. of bread and tea per 
day. The caloric values of both diets were approximately equal (about 

3200 kg.-oal.), the ratio was about 5 (S) in the first * T l sS) in the 

second diet. 

Before the experiments began a saturation test (vide Part n) was accom¬ 
plished; the increased output in the urine following an intake of 500 mg. of 
“Redoxon” (pure ascorbic acid) (250 mg. on two successive days) indicates that 
the experimental subject was saturated. 

Of the two diets the first is devoid of vitamin C, the second contains only 
those amounts present in beef (average 1*5 mg./lOO g.). To avoid a too rapid 
decrease in the vitamin C content of the organism, a daily dose of 25 mg. of 
“Redoxon” was taken. In this way the vitamin C level in the blood did not 
become extremely low (7-2 mg./l.), nor did the urinary output of ascorbic acid 
decrease. Without a supply of vitamin C a more significant fall of the blood 
content had to be expected, demonstrating a depletion of the depots in the 
organism; the urinary output would have decreased likewise. In this way the 
experimental conditions might have been influenced so unfavourably, that an 
actual dietetic stimulation of the excretion of ascorbic acid could not become 
manifest. 



Fig. 1. Influence of proteins on the urinary output of non-specific substanoe* and ascorbic acid. 
•— — — • mg./l. blood. •—« Daily urinary output of asc or bi c add. o—o Daily urinary 
output of total reducing substances (expressed as ascorbic add). I =* Low-protein diet. 
II» High protein diet. Ill«II without any carbohydrates. 

The fact that the vitamin 0 level of the blood decreases in spite of the daily 
intake of 26 mg. of ascorbic add is discussed later. 

To be sqre that the dietetic prescriptions ware followed as strict!^ as possible 
and that any strain beyond the habitual work was avoided, the writer became the 
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experimental subject. A control of the body weight showed no change during 
the experimental period. 

The experiment demonstrates that during a diet rich in proteins the total 
reducing capacity of the urine increases. This increase originates mostly from a 
greater excretion of thiosulphate, as could be proved by its elimination with 
barium acetate. 

Direct titration After barium acetate After mercuric acetate 
11*30 3*88 3*62* 

* Calculated as ascorbic acid in 286 ml. of urine. 


The values obtained do not always agree so closely, for, like other investi¬ 
gators, we have observed that the ascorbic acid can be excreted partly in the 
reversibly oxidized form; in this case the reducing capacity of urine becomes 
greater after treatment with H^S. 

After barium After barium acetate 
1 ml. urine After 11*8 acetate and H 2 S 

0*095 0*13 (+ 0*035) 0*045 0 09 (+0*045) 

0* 115 0*15 ( + 0*035) 0*055 0*085 (+ 0*03) 

1*62* 1*75 (+013) Ml 1*23 (+0-13) 

♦ While saturated with ascorbic acid. 

The very distinct influence of a high protein diet on the total reducing 
capacity does not exist for the output of ascorbic acid. No definite rise in the 
excretion of ascorbic acid (determined after precipitation with mercuric acetate) 
has been observed. A certain increase between 10 and 12 April will be recognized 
as preceding the beginning of the protein diet. Furthermore, the somewhat 
higher level of the ascorbic acid excretion (after 11 April) continues after the 
protein content of the diet has been lowered, while the total reducing capacity 
decreases immediately. 



Fig. 2. Influence of protein and cystine on the urinary output of non-specific substances and 
ascorbic add. • mg./I. blood. • Daily urinary output of ascorbic acid, o—o 

Daily urinary output of total reducing snbstanoes (expressed as ascorbic acid). I=Low 
protein diet. II« High protein diet. 


After an intermediate period of 25 days of normal nutrition a second 
experiment under the same dietetic conditions was started. For reasons dealt 
with above a daily dose of vitamin C was taken, even larger than in the first 
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experiment: 37*5 mg. instead of 25 mg. To get an insight in the canse of the 
influences exercised by proteins the latter were replaced by an amino-acid con¬ 
taining sulphur and taken in larger doses; cystine (Hofiftnann-La Roche) was 
tried first. 

Again we observe, that the high-protein diet increases the total reducing 
capacity and that the amount of ascorbic acid in the mine is not influenced. 
Cystine, given per os, increases the total reducing capacity in quite the same way. 
During intake of cystine and while on the beef-egg diet a greater diuresis was 
observed (compared with the carbohydrate regimen). The quantity of urine, 
however, did not influence the amounts of thiosulphate or asoorbic acid either 
(observed also by Johnson & Zilva [1934]). Large quantities of tea or water have 
been taken without any change in the amount of asoorbic acid or other reducing 
substances. 


Date 


Asoorbic arid 

Reducing capacity 
expressed as 
asoorbio arid 

1936 

ml. urine 

mg. 

mg. 

9. iv. 

880 

15*6 

24*8 

10. iv. 

1530 

13-8 

25*8 

11. iv. 

1090 

16*3 

27*0 

7. v. 

1140 

21*9 

25*4 

8. v. 

1566 

29*8 

35*9 

9. v. 

937 

74*5 

84*4 


Hawley et al. [1936] emphasize the possibility of an influence of pH on the 
amount of asoorbic acid in urine. We have not observed such an influence; 
moreover, the diets used were both acidotic. In the experiments of Chakraborty 
& Roy [1936] a high fat diet produced the same increase in the “total daily 
urinary excretion of ascorbic acid” as did the high protein diet. It will be seen 
that a suddenly augmented intake of butter had no such effect (20 July; 210 g. 
butter additional to the daily quantity of 125 g. were taken). 1 


Pabt n. 

From measurements of the capillary resistance Gdthlin [1931; 1932; 1934] 
concluded that about 25 mg. of asoorbic acid comprised the daily dose required 
for healthy adults weighing 60 kg. Referring to Stepp, Heupke [1936] gives an 
even smaller dose, viz. 10-20 mg. Stepp et dl. [1036] now admit that this dose is 
“too low according to the most reoent examinations”. Diverging from this dose 
of 20-25 mg. van Eekelen [1935, 2; 1936, 1, 2] has found considerably greater 
requirements for man, his calculation being based on the results of a saturation 
test following a dietetic period devoid of vitamin C. The question being of 
practical importance a further contribution to it seemed desirable. 

With regard to the results of Ahmad [1936] and Chakraborty it Roy [1936] 
and to the possible independence of requirements and urinary output (greater 
requirements with normal excretion?) two experiments were done on the same 
subject living on a diet devoid of vitamin C, but with different amounts of protein. 

To ascertain the daily requirements the conditions of the experiments 
described in Part I were also suitable: a daily dose of asoorbic acid was taken 
equal to that postulated by Gdthlin ahd formerly by Stepp; in the second 
experiment the dose was even larger. 

4 ; ’ . ■! ' 

1 Chopm & Boy {1936] llkewige mtwed any iatonoo of large mooboW adrim ti » o utp u t <jjt 
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Experimental. 

Determination of requirements . The daily requirements are calculated ac¬ 
cording to the method of van Eekelen [1935, 2; 1936, 1, 2], In the experiments 
with M. H. daily doses of 25 or 37-5 mg. of ascorbic acid were given during the 
dietetic period. 

^ Table I. 


1. Requirements while on a diet poor in protein (M. E.; male, aged 25, 


height 173 cm., 68-5 kg.). 


Ascorbic acid 


Total reducing 
substances (expressed 
as ascorbic acid) 






Extra 


Extra 





excretion 


excretion 





(normal 


(normal 

Bate 

Intake 

Blood 

Urinary 

average 

Urinary 

average 

1936 

mg. 

mg./l. 

output 

about 17)t 

output 

about 25)t 

Normal nutrition poor in vitamin C: 





10. vi. 

250 

13*64 

17*30 

— 

26*88 

— 

11. Vi. 

250 

— 

32*88 

— 

39*95 

— 

12. vi. 

— 

— 

97*7 

— 

113*04 

— 

Diet poor in protein, devoid of vitamin C; 





13. vi. 

— 

— 

30-37 

13 

31*76 

7 

18. vi. 

— 

12*20 

— 

— 

— 

— 

27. vi. 

250 

8*42* 

— 

— 

— 

— 

28. vi. 

250 

— 

— 

— 

— 

— 

29. vi. 

250 

— 

15*84 

— 

24*66 

— 

30. vi. 

250 


48*22 

31 

53*71 

28 

18 days 

1000 

Minus 


44f 

or 

35| 



* Before “Redoxon” was taken. 




II. 

Requirements while on a protein diet (M. E.). 







(Normal 


(Normal 

Protein diet devoid of vitamin C: 


average 
about 20)t 


average 
about 26)f 

1. viLt 

— 

— 

17*54 

— 

28*41 

_ 

2. vii. 

— 

14*15 

22*26 

— 

28*79 

— 

3. vii. 

— 

— 

16*87 

— 

23-59 

— 

4. vii. 

— 

— 

18*90 

— 

30*40 

— 

5. vii. 

— 

13*86 

— 

— 

— 

— 

8. vii. 

— 

10*0 

— 

— 

— 

— 

11. vii. 

— 

8*4 

— 

— 

— 

— 

21. vii. 

— 

7*49 

— 

— 

— 

— 

22. vii. 

300 

— 

22*95 

— 

27*12 

— 

23. vii. 

300 

— 

23*16 

— 

32*40 

6 

24. vii. 

300 

— 

30*79 

10 

33*70 

7 

25. vii. 

300 

— 

65*98 

46 

70*31 

44 

25 days 

1200 
+ 150 

Minus 

(25 x 6 mg. in 300 g. beef) 

56f 

or 

57f 


1350 


Calculation based on the excretion of; 

Ascorbic acid 


Exp, I ~=»53’lmg. 

1QQ4 

Exp. II ~=51*8 mg. 


Total reducing substances 


965 

18 

1293 

“25 


=53-8 mg. 


=-61*7 mg. 


t No complicated calculation is needed, the final result being not essentially influenced by it. 
Furthermore, differences up to 6 mg. in the daily required dose can and should be neglected as 
unimportant. 

% This experiment following on the final saturation of the first one, further saturation could 
be omitted. 
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Diets . The diets prescribed were similar to those described in Part i, on 
account of the longer duration of the high protein period (25 days) the daily 
quantity of meat was 300 g. (instead of 750 g.). 

The data do not need further commentary, we learn, however, that no 
difference exists as regards the usefulness of saturation tests between direct 
titration and that after treatment with mercuric acetate—at least so far as these 
experiments are concerned. The daily dose required in Exp. II is almost equal to 
that of the first one with a comparatively low proportion of proteins. Thus, a 
high protein diet failed to increase markedly the requirements of ascorbic acid 
as it did not influence its urinary excretion. 

Requirements of M. H. (aged 37, height 174 cm., 75 kg. while on a daily dose 
of 25 mg. of ascorbic acid (see Fig. 1)). 

Calculation based on the excretion of ascorbic acid: 

Experimental period=37 days. Ascorbic acid taken during the experi¬ 
mental period=2213 mg. (“Redoxon”) +180 mg. (12x15 mg. in 750 g. beef) 
= 2393 mg. minus 76*5 mg. (excreted above the average) = 2316-5 mg. 

Daily requirements - =62-6 mg. 

Calculation based on the excretion of total reducing substances 


2393 - 76 
37 


62-6 mg. 


Requirements of M. H ., while on a daily dose of 37-5 mg. of ascorbic acid 
(see Fig. 2). 

Calculation based on the excretion of ascorbic acid: 

Experimental period = 53 days. Ascorbic acid taken during the experimental 
period = 3312 mg. (“Redoxon”) + 105 mg. (7 x 15 mg. in 750 g. beef)=3417 mg. 
minus 63 mg. (excreted above the average) = 3354 mg. 

Daily requirements=-^=63-3 mg. 

Calculation based on the excretion of total reducing substances: 


3417-67 

53 


= 63-2 mg. 


Daily doses of 25 or even 37-5 mg. of “Redoxon ” failed to maintain the 
content of the blood at the level existing when the experiments began, nor did 
they prevent the development of a deficiency demonstrable in the course of 
saturation tests. 

The subjects on whom the experiments were done were in good health; 
regarding the results of the saturation tests at the start of the experiments, their 
vitamin C conditions appeared to be normal. 


Discussion. 

In the experiments described there has been no influence of high protein 
diets on the urinary output of ascorbic acid as suggested by Ahmad and Chakra- 
borty & Roy. The different results are obviously caused by the fact that these 
authors did not remove interfering reducing substances. As to the total reducing 
capacity the observations agree, its increase by high protein diets having been 
confirmed. Furthermore, cystine exercises the same effect as does protein, and 
it appears very probable that not the proteins as a whole but rather their 
proportion of sulphur compounds causes the augmented reducing capacity. This 
point of view is further supported by the evidence that the excretion of 
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thiosulphate is principally augmented. On the days of cystine intake sodium 
nitroprusside tests were constantly negative (absence of cysteine, which also 
decolorizes diohlorophenolindophenol [Emmerie, 1934]). Whereas this influence 
of high protein diets has been partly confirmed, a sudden and considerable rise 
in the proportion of fat was not found to exercise any influence. 

Chopra & Roy [1936], who are apparently unacquainted with the elimination 
of interfering substances by mercuric acetate, suggest that the increase of 
the “indophenol titre” (following high-protein diet, direct titration without 
previous treatment) is not due to ascorbic acid. In fact, there could be 
demonstrated “a significant relation between this reducing property and the uric 
acid excretion *\ Uric acid, however, does not decolorize dichlorophenolindo- 
phenol. 

The requirements of two normal subjects were calculated by determining the 
dose required for a positive saturation test after dietetic periods without any 
vitamin C or with an insufficient supply (25 and 37*5 mg. daily). Examinations 
during dietetic periods with different proportions of protein resulted in equal 
requirements in spite of or together with normal urinary output of ascorbic 
acid. The values found agree closely with those calculated by van Eekelen 
[1935, 2; 1936,1, 2] and van Wersch [1936]. The daily requirements for a subject 
weighing 70 kg. amount to about 60 mg. This value being twice that given by 
Gothlin [1934], we tend to regard it as the optimum dose—the actual requirement ; 
while the smaller one of Gothlin may be only preventive against the manifestation 
of scurvy—the indispensable minimum. This interpretation seems the more 
justified if we note that this author supposes 19-25 mg. to be “the smallest 
daily dose of ascorbic acid which, given per os , protects a person weighing 60 kg. 
against the slightest objectively ascertainable prescorbutic symptoms—those 
in the capillaries. 55 

Summary. 

The urinary output of ascorbic acid, determined after precipitation with 
mercuric acetate, is not influenced by the proportion of protein in the diet. 

The total reducing capacity of urine rises and falls corresponding to the 
quantity of protein in the food and depends chiefly on the output of thiosulphate. 

Cystine, taken in the course of low protein diet, has the same effect on the 
total reducing capacity of urine as have large quantities of protein. The sulphur- 
containing amino-acids can be considered as the source of thiosulphate in urine. 

By means of saturation tests following dietetic periods the daily human 
requirements were calculated. 

Equal requirements were observed during low- and high-protein diets on the 
same subject. 

The daily requirement of man amounts to about 60 mg. for a body weight 
of 70 kg. The same amount was required when 25 or even 37*5 mg. of “ Redoxon 55 
per day had been taken. 

Considering this daily dose as actual requirement , the suggestion that an 
essentially smaller quantity is sufficient to avoid scurvy-—the indispensable 
minimum —has been discussed and affirmed. 
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THE CAROTENE AND VITAMIN C 
CONTENT OF PLANTS. 
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(Received 14 October 1936.) 

The estimation of carotene and vitamin 0 in vegetables has generally been 
carried out without paying attention to the different conditions prevailing 
during growth of the plants analysed. Therefore, the results obtained under 
these circumstances can only be looked upon as average values. Although 
these average values are sufficient for practical use, it is interesting, with a view 
to the quality of the crop, to examine if the carotene and vitamin C contents 
can be influenced by soil treatment and particularly by fertilizers. 

The purpose of the investigations was to decide if the concentration of 
the elements necessary in plant-growth had any influence on the carotene and 
vitamin C contents of the plants. 

Experimental. 

The investigations were carried out by means of pot experiments, because 
only by this method of working can equal distribution of the salts be secured, 
this being essential to produce a crop of sufficient uniformity. In a number 
of the experiments the pots contained pure washed quartz sand, in other cases 
an exactly analysed sandy soil, which besides K and P deficiency also showed a 
low pH. 

The pots were supplied with a salt solution according to Kruger of the 
following composition: 

MgS0 4 , 7HjO 0-688 g. 

KC1 0-652 g. 

NHfNO, 0-762 g. or 

NaN0 8 1-650 g. 

Distilled water 1000 g. 

CaHP0 4 , 2H t O 1-200 g. 

pH =7-2 

One or more components of this solution were omitted or administered in 
increased amounts, so that by the disturbance of the conditions of life an 
insight oould be gained into the conditions of the formation of vitamins in plants. 

K, Mg or N deficiency was produced by omitting the corresponding salt 
from the solution. In order to get Ca deficiency NajHP0 4 was used instead of 
CaHP0 4 , 2HgO and P0 4 could be substituted by S0 4 to give P deficiency. 

Pots of indifferent material were used, such as glass, enamelled iron and 
glazed earthenware. 

Spinach was used as a test plant; it has the advantage of growing rapidly 
and containing considerable quantities of carotene and vitamin C. 

( 2307 ) 
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The plants were kept in a glasshouse. The pots were weighed every day 
during the experiment and the loss in weight was compensated by the addition 
of distilled water. 

The full-grown plants were cut with scissors. To avoid errors caused by 
differences in weight of the stalks, which contain only a very small quantity of 
ascorbic acid, the latter were discarded and only the leaves were analysed. 

Table I. 


mg. of ascorbic acid 
per 100 g. of fresh 
material 

Stalks 8 

Leaves 19 

The plants had to be analysed rapidly, because at room temperature and 
even at ice-box temperature the leaves show a rather rapid decrease in 
vitamin C content. 


Table II. Storage of spinach haves in the ice-box (4°) in stoppered glass jars, 
with a piece of moist cotton-wool to keep the leaves fresh . 


No. of days 
of storage 

0 

I 

3 

5 


rag. of ascorbic acid per 100 g. 


Fresh small leaf 

35 

29 

4 

5 


Fresh large leaf 

46 

43 

18 

8 


Table III. Storage of spinach haves at room temperature and in the ice-box. 

mg. of ascorbic acid per 100 g. 


No. of days 

Fresh leaf at 

Fresh leaf in the 

of storage 

room temp. 

iee-box 

0 

60 

60 

1 

49 

45 

3 

23 

49 

5 

8 

21 


Methods . 



The vitamin C content of leaves was determined by the titration method of 
Birch et al . [1933], with 2:0-dichlorophenolindophenol in acid medium. 

The acid extract of fresh spinach leaves shows the same vitamin C content 
before and after treatment with HgS or with mercuric acetate as used first by 
Emmerie [1934]. Therefore this method (Emmerie) has only been used when 
estimating the loss of ascorbic arid during storage of the leaves, because in 
this case it is possible that substances other than vitamin C are present which 
reduce the indicator or that, on the other hand, a certain amount of vitamin C 
is reversibly oxidized and cannot be determined by titration according to 
the method of Birch et al. 

Carotene was extracted with ether, after saponification of the chlorophyll 
etc. by boiling the plant material with a saturated solution of KQH in 96% 
alcohol (20 ml. per g. of plant material) for half an hour [Guilbert* 1934}. 
Besides carotene and xanthophyll the ether contained saponified chlorophyll and 
flavonea. The latter were removed by washing the ether with water. Then the 
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ether was evaporated in vacuo and the residue dissolved in light petroleum; the 
xanthophyll was then removed from the light petroleum by extraction with 
85 and 90 % alcohol. 

This method can be simplified by extracting the carotene with light 
petroleum immediately after saponification. Thus, no chlorophyll or flavones 
and only a little of the xanthophyll dissolve in the light petroleum; the 
xanthophyll can be removed by washing once with 85 % methyl alcohol. The 
saponification must be carried out with only half of the amount of alcoholic 
KOH used by Guilbert. In this case, the concentration of the alcohol is 
reduced to about 90% by the water in the plant material; at this concentration 
carotene dissolves sparingly and is extracted easily, while xanthophyll dissolves 
better in the alcohol than in the light petroleum. By 4 to 5 extractions all the 
carotene can be removed from the alcohol; further light petroleum extractions 
contain xanthophyll only, which can be washed out again with 85% methyl 
alcohol. Therefore the extraction of carotene is complete when in the light 
petroleum extract all the yellow colouring matter can be removed with 85% 
methyl alcohol. 

The amount of carotene was determined with the Zeiss Stufenphotometer. 


Results. 


A. The influence of Ca, K , X and Mg deficiencies on the carotene and 
vitamin C contents of spinach. The experiment included 23 pots , filled with 
quartz sand. 

Table IV. 

g. of leaf 

Treatment per pot Type of leaf produced 


Carotene Vitamin C 

y g. of mg./lOO g. 

fresh leaf of fresh leaf 


Ca deficiency 
K deficiency 

N deficiency 
Mg deficiency 
Normal 


4 Normal 29 

1 Small, dark, shrivelled 67 

margin 

1*1 Small, light colour, erect 7 

2 Light-coloured spots 34 

4 — 31 


31 

46 


29 

31 

33 


ii. The influence of added nitrogenous fertilizers on the carotene and vitamin C 
contents of spinach grown in pots filled with a sandy soil and supplied with 
increasing quantities of P 2 0 6 . 

Each result is the mean of two analyses. 


Table V. Vitamin C in mg. per 100 g. of fresh leaf. 


Organic N 
mg. per pot 



mg. P a 0 6 per pot 

. , ..v, . , . 



f 

0 

15 

30 

45 

60 

0 

71 

80 

80 

08 

59 

25 

107 

87 

63 

69 

70 

75 

119 

95 

102 

92 

117 

125 

119 

116 

103 

125 

130 


Table VL Carotene in y per g. of fresh leaf. 


Organic N 


mg. P 2 0 8 per pot 


mg. per pot 

0 

15 

30 

45 

60 

0 

26 

80 

26 

33 

26 

25 

65 

88 

83 

44 

41 

75 

71 

77 

63 

65 

63 

125 

95 

87 

75 

71 

87 
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Table VII. Vitamin C in mg. per 100 g. of fresh lmf. 


mg. P,0 5 per pot 

Inorganic N , -*- 


mg. per pot 

0 

15 

30 

45 

60 

0 

56 

72 

74 

58 

01 

25 

73 

74 

72 

70 

86 

75 

90 

94 

75 

90 

113 

125 

90 

81 

116 

105 

92 


Table VIII. Carotene in y per g. of fresh leaf . 

mg. P.0 ft per pot 

Inorganic N ,- a-— 


mg. per pot 

0 

15 

30 

45 

00 

0 

37 

36 

34 

35 

27 

25 

65 

40 

46 

51 

49 

75 

80 

107 

73 

88 

73 

125 

67 

90 

103 

63 

71 


C. The influence of added nitrogenous fertilizers on the carotene and vitamin C 
contents of spinach grown in pots filled with a sandy soil and supplied with 
increasing quantities of potassium. 

Eaoh result is the mean of two analyses. 


Table IX. Vitamin C in mg. per 100 g. of fresh leaf . 


Organic N 
mg. per pot 

0 

25 

75 

125 


Organic N 


mg. K t O per pot 

_ 


40 

80 

120 

— 

_ 

_ 

124 

113 

114 

124 

126 

122 

148 

150 

140 


64 

100 

92 

81 


Table X. Carotene in y per g. of fresh leaf. 

mg. K t O per pot 


. per pot 

0 

40 

80 

120 

0 

100 

_ 

_ 

— 

25 

124 

86 

45 

49 

75 

93 

101 

94 

104 

125 

100 

92 

82 

94 


Table XI. Vitamin C in mg. per 100 g. of fresh leaf. 


• 

Inorganic N 
mg. per pot 


mg. KfO per pot 

______A_______._ 


r 

0 

40 


80 

m 

0 

— 

—— 



mmm. 

25 

— 

105 


119 

m 

75 

121 

121 


136 

m 

125 

— 

70 


142 

140 


Table XII. Carotene in y per g. of fresh leaf. 


Inorganic N 
mg. per pot 


mg. K/> per pot 

0 

40 

90 

0 

99 

. m*m 


113 

86 62 

79 

90 

106 


129 

119 

104 

m 


m 

n 
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D. Addition of phosphate had no effect. 

E. From the results of the experiments recorded under C , the influence of 
added potassium fertilizer at different concentrations of nitrogen in the soil 
also becomes evident (Tables IX-XII). 

Discussion. 

The results of the analyses show that the carotene and ascorbic acid contents 
of the test plants largely depend on the amounts of nitrogen and potassium in 
the soil. 

A larger amount of nitrogen results in greater carotene and vitamin C 
contents. 

An increasing potassium content of the soil causes a decrease in carotene 
and an increase in vitamin C. Diminution of the carotene content is only obvious 
in the plants grown in pots with little nitrogen. Generally the increase in 
vitamin C content is most distinct in plants grown with a high concentration 
of nitrogen. Under the conditions prevailing in the experiments, the influence of 
P, Ca and Mg saltB is small. 

Apart from the practical results, it is interesting to make an attempt to 
draw some physiological conclusions and to view the data in the light of what is 
known about the influence of fertilizerson photosynthesis and chlorophyll content. 

Briggs [1922] was the first to investigate the influence of K, Mg and Fe. 
Gregory & Richards [1929] stated that the assimilation of nitrogen-deficient 
plants of Hordeum is “subnormal”. Muller [1932] found the same for Sinapis 
alba . Gaszner & Goeze [1934] stated that larger additions of nitrogen resulted 
in an increased assimilation and transpiration and in increased chlorophyll and 
albumin contents both with rye and wheat; the difference between differently 
treated plants became greater when the plants grew older. 

From the data of the experiments with N fertilizer described in this paper, 
it can be observed that nitrogen has an influence on the carotene and vitamin C 
l contents similar to its influence on assimilation and chlorophyll content. It 
seems plausible to suppose that there exists a direct relationship between 
photosynthesis and vitamin C content, in view of the fact that the vitamin C 
content of leaves increases when they are irradiated with neon-light and that 
etiolated plants contain no vitamin C. Another argument in support of this 
theory can be found in the experiment of Random et al. [1935], who found less 
\yitamin C in white than in green pdrtions of plants. 

w This connexion with photosynthesis does not hold good in the case of 
carotene. Etiolated plants show no assimilation and possess carotene. Moreover 
Willstatter & Stoll [1913], Scherz [1929], Pfutzer & Pfaff [1935] state that the 
. carotene content of plants fluctuates with the chlorophyll content. Further¬ 
more, Karrer & Helfenstein [1931] pointed out that carotene is derived from 
phytol or phytolaldehyde, establishing a chemical relationship between the 
nitrogenous chlorophyll and the N-free carotene. 

Fsom the data concerning the influence of nitrogenous fertilizer it seems that 
there exists a relationship between photosynthesis and vitamin C content on 
the one hand and between chlorophyll content and carotene on the other. 

The data obtained from the experiments with potassium fertilizer confirm 
tiiis supposition. 

Gaszner & Goeze [1934] find an increased photosynthesis under the influence 
of more potassium fertilizer in wheat and rye, 25 days old and grown in a 
medium of comparatively high N content. Plants grown with little N show 
practically no difference in assimilation under influence of K fertilizer. 

Biochem. 1036 XXX ' 
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At a low N level the chlorophyll content of K-deficient plants is much higher 
than of plants richly supplied with potassium; at a high N level this difference 
does not exist. 

Concerning the influence of potassium on photosynthesis, similar results 
were obtained by Briggs [1922], Gregory & Richards [1929] and Lundegardh 
[1932]; the decrease of green colouring matter as a result of increasing quantities 
of K fertilizer is a well-known fact to every farmer and is frequently mentioned in 
the literature [see Maiwald, 1923; Remy & Dhoin, 1932; Rcmy & Liesegang, 1926]. 

From the data concerning the influence of K fertilizer on the carotene and 
vitamin C contents of spinach, grown on a sandy soil with increasing quantities 
of nitrogen, it can be readily seen that carotene shows the same fluctuations as 
chlorophyll, whereas obviously vitamin C is a product of assimilation or at least 
closely connected with the process. Carotene content decreases at low N levels 
as a result of increasing quantities of K, whereas this decrease is practically zero 
at high N levels; vitamin C content increases but little at low N levels as a 
result of the addition of K fertilizers, whereas at high X levels a rapid increase* 
can be observed. 

From the results of the experiments it can also be concluded that nitrogen 
and potassium stand in close interrelation physiologically : K deficiency has 
the effect of N excess and K excess acts like N deficiency. 

Therefore, fertilizer experiments concerning one of these two elements only 
give accurate results if made at different concentrations of the other element. 

Summary. 

1. Details are given of the methods of growing spinach for analysis. 

2. Tables are presented showing loss in vitamin C content during storage. 

3. A modified method for estimating the carotene content of vegetables is 
given. 

4. Tables are presented showing the influence of K, N, Ca and Mg fertilizers 
on the carotene and vitamin C contents of spinach. A higher level of nitrogen 
results in a greater carotene and vitamin C content. An increasing potassium 
content of the soil causes a decrease in carotene content and an increase in 
vitamin C. 

5. An attempt is made to show a relationship between chlorophyll and 
carotene; on the other hand the suggestion that ascorbic acid only can be a 
product of photosynthesis is discussed. 
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GLYCOGEN AND THE BEARING ON 
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II. LIVER AMYLASE. 

By GERTRUDE EVELYN GLOCK. 

From the Department of Physiology, Bedford College. University of London. 

(Received 21 Oct obi r W36.) 

Great diversity of opinion exists as to the nature of the end-products and the 
course of hydrolysis of glycogen by liver amylase. 

Macleod [ 1D2GJ stated that the final product was maltose 4 which was, however, 
liable to be hydrolysed further to glucose. Osborne & Zobel [1903], working on 
muscle juice, found that maltose was the chief (Mid-product together with a 
trace of glucose. Hollander [1934], using rat liver preparations and starch as 
substrate, found maltose as the sole end-product. He arrived at the con¬ 
clusion that the liver preparations contain two amylases comparable with 
r- and /3-plant amylases. Tebb [1S94 ; 1S97), using glycogen and a dried pig liver 
preparation, found glucose as the sole product. Preliminary saline perfusion of 
the liver through the portal vein, to remove all the blood, and subsequent 
drying provided a liver preparation which still had marked maltase activity. 
Hodgson [1939], using acetone-extracted and dried rabbit liver preparations, 
claimed, it appears without satisfactory experimental evidence, that glucose 
was the sole end-product and was unable to detect the presence of maltose at 
any stage of hydrolysis. These results an 4 referred to again later. Barbour [1929], 
who used glycerol extracts of rabbit muscle, claimed to have obtained a tri- 
saccharide as the sole product of hydrolysis. This trisaecharide is stated to have 
a reducing power 30% of that of glucose (by Shaffer-Hartman method), a 
specific rotation fa]/, 181°, to be readily transformed into an anhydride and to 
form an osazone crystallizing in small star-shaped aggregates of needles. This 
trisaccharide is not identifiable with Pringsheim’s [1924] amylotriose, obtained 
by the breakdown of glycogen and amylopectin with concentrated HC1. Lohmann 
[1926], using KC1 extracts of frog muscle, similar to those used by Meyerhof [1929] 
studying simultaneously the production of lactic acid by glycogen, describes, 
in addition to glucose, the formation of a trisaecharide which he considers to be 
probably identical with Pringsheim’s amylotriose. Case [1931], without sufficient 
experimental data, claims to have repeated and confirmed Barbour’s results. 
Carruthers & Wei Yung-Lee [1935] also repeated Barbour’s work, but contrary 
to this worker found that maltose, and not a trisaecharide, w r as the chief product 
of hydrolysis. They also obtained evidence of the formation of some glucose. 
Carruthers [1935] explained Barbour s results as due to inhibition of the maltase 
activity of his preparations by the glycerol employed in the extraction. 

In the present investigation liver preparations from the cat, rat, rabbit, pig, 
ox, guinea-pig and frog were employed. The preparations were made according 
to the method suggested to me by Prof. J. Mellanby and as used and described 

( 2313 ) 140— 2 
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by Hodgson [1936]. Eadie [1927] pointed out the necessity for perfusing the 
liver to remove all blood, which contains some amylase, before testing the 
amylolytic activity of the liver preparation. Consequently a similar preparation 
was made from the liver of a rat which had been perfused until blood-free. In all 
eases the maltase activity of the dried liver preparations was tested by incubating 
0-5 g. of the liver preparation with 25 ml. 2 % maltose solution, after addition of 
a few drops of toluene, for 24 hours at 37°. The reducing power of the digest was 
determined by Hanes’s method after suitable preliminary dilution and precipita¬ 
tion of proteins with “colloidal iron” and acetic acid. 

An osazone was also made. In all the cases tested (the perfused liver prepara¬ 
tion which was all employed in the glycogen hydrolysis was not tested) a con¬ 
siderable amount of glucose was formed, showing that all these preparations 
contain maltase. It must be emphasized, however, that the amount, of liver 
preparation employed in this test was relatively very much greater than that 
used in the subsequent hydrolyses. The capacity of these preparations to form 
glucose from maltose might be due to the maltase activity of the liver tissue 
itself or to the maltase activity of the blood in the preparation. (A comparison 
of the hydrolysis by the unperfused and perfused rat liver preparations is of 
significance in this connexion.) The maltase activity of the serum of the rat, 
rabbit, cat and ox was tested in a similar manner to that described above, in this 
case employing 5 ml. serum. In the case of the rat serum, there was a quantita¬ 
tive conversion of maltose into glucose, an almost quantitative conversion with 
the ox serum, whereas both cat and rabbit serum showed no maltase activity. 
These results are in general accord with those of Barnes & Mackay 11936], 
Hynd & Macfarlane [1927], determining the maltase activity of whole blood, 
found that pig’s blood alone gave positive results and obtained negative results 
with the blood of the mouse, rat, guinea-pig, rabbit, kitten, ox and sheep. 
Tebb [1894J also found that pig serum had marked maltase activity. 

Course of digestion of glycogen by liver amylase. 

Digestion mixtures were set up containing 1*0 g. glycogen (Kahlbaurn) in 
160 ml. 0*1 % NaCl, 40 ml. phosphate buffer pH 6*4, 1-0 g. liver preparation and 
1 ml. toluene. 

A control mixture was set up omitting the glycogen. The hydrolysis of potato 
starch was also followed in some cases. The digestion mixtures were placed in 
an incubator at 37° and samples removed, boiled, filtered and analysed at 
intervals up to 3 days. To test Carruthers’s criticism of Barbour’s work, 0*25 g. 
glycogen dissolved in 30 ml. 01% NaCl, 10 ml. glycerol, 10 ml. phosphate 
buffer pH 6-4 and 0-25 g. pig liver preparation were incubated for 17 hours. 

The following estimations were performed: 

(1) Unchanged polysaccharide. 

(2) Total reducing power. 

(3) Reducing power due to sugar alone. 

(4) Reducing power after acid hydrolysis. 

(5) Lactic acid. 

The unchanged polysaccharide was estimated as described for glycogen in 
a previous paper [Glock, 1936]. The sugar determinations in each case were 
performed according to the ferrieyanide method of Hanes [1929]. The total 
reducing power was determined on 5 ml. samples of a 1 in 10 dilution of the digest. 

A further 10 ml. of the digest was diluted to 50 ml. with absolute alcohol, to 
precipitate any unchanged glycogen and dextrins, left for 2-3 hours or longer and 
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filtered. Two 20 ml. portions of the filtrate were taken and the alcohol removed 
by evaporation. The reducing power of one portion was determined directly 
after suitable dilution and of the other afte r acid hydrolysis followed by sub¬ 
sequent neutralization and dilution. 20 ml. of the digest were employed for the 
estimation of lactic acid, by the method of Friedeinann & (Iracser [1033]. 
Lactic acid determinations were not made in the early stages of hydrolysis. In 
each east' an osazone was made after alcohol precipitation and subsequent 
evaporation of tin? alcohol. The results are represented diagrammatically in 
Fig. 1. The reducing sugar for convenience is calculated and expressed as 
“maltose” although in some eases tin* sugar was known to consist partly or 
entirely of glucose. 
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Discussion of results. 

From Fig. 1 it appears that in the breakdown of glycogen to sugar there is 
no appreciable formation of reducing dextrin, since the reducing power of the 
digest after alcohol precipitation of dextrins and unchanged glycogen is only very 
slightly different from that before precipitation. It would seem, therefore, that 
in the hydrolysis by liver amylase, sugar is chiefly split ofF successively from the 
glycogen molecule and is only formed to a much smaller degree from simple 
dextrins produced intermediately. In this respect the action of liver amylase is 
different from those of salivary, malt and pancreatic amylases. 

From the results of the hydrolysis of potato starch by liver amylase it is seen 
that starch is broken down rather more easily than glycogen, but this difference 
between the rates of breakdown of the two polysaccharides by liver amylase is 
not nearly as marked as with salivary, pancreatic and malt amylases. 

In alf eases the formation of lactic acid was insignificant, the amount pro¬ 
duced varying from 0-87 to 4-7(5 %. 
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Three different types of osazone were observed. The first was the “ iso¬ 
maltose ” type consisting of relatively large rosettes of very fine needles, some¬ 
times tufted at their free extremities. This type of osazone was observed in the 
early stages of hydrolysis with all the liver preparations and throughout the 
hydrolysis with the cat, rabbit and perfused rat livor preparations, with the 
pig liver preparation in the presence of glycerol and generally in addition to 
glucosazone in the later stages of hydrolysis with the rat liver preparation. The 
second type of osazone (or hydrazone?) w r as one not previously observed. Tt 
consisted of large pale yellow fern-like crystals. Owing to their pale yellow 
colour and to the fact that they were relatively insoluble in hot water, it w’as 
considered possible that the crystals might be those of a hydrazone and not of 
an osazone. This osazone was generally found after 42 hours’ hydrolysis with the 
cat and rat liver preparations. The third type of osazone, glucosazone, was the 
only product formed by the pig liver preparation after 17 hours and longer and 
was also formed by the rat liver preparation, but in the latter case an additional 
osazone was always obtained. 

The results of acid hydrolysis corroborate the view that glucose is the sole 
product of hydrolysis with the pig liver preparation. The first type of osazone 
is probably produced by maltose, perhaps modified in crystalline form by 
admixture with unprecipitated dextrin, since the amount of glucose formed on 
acid hydrolysis in the later stages of hydrolysis was 100-110% of the theoretical 
yield. 

If graphs are plotted of the percentage formation of sugar calculated as 
maltose against time it is seen that with the pig and rabbit liver preparations 
the formation of reducing sugar follows a normal hyperbola, whereas this is not 
true with the rat (perfused and unperfused) and cat liver preparations. In the 
latter cases there is a sudden fall in the reducing power which finally rises slowly 
after 42 hours. This type of hydrolysis curve would appear to Ik* due to the 
reversible action of the liver amylase, the breakdown phase being predominant 
in the early stages of digestion and the synthetic phase in the later stages, 
probably initiated by accumulation of the 1 hydrolysis products of the breakdown 
phase. The possible criticism that the decrease in the reducing power in the 
later stages might be due to the formation of hexosephosphates is disproved by 
the fact that a similar type? of curve was obtained using the rat liver preparation 
but replacing the phosphate buffer by a citrate buffer of the same pH. This 
decreased reducing power also cannot be accounted for by increased lactic acid 
formation, for in no case was the percentage formation greater than 5. 

It is interesting to note, in this connexion, that the third type of osazone? 
described above was only observed in the 42 hours 1 digest with the rat and cat 
preparations and is, therefore, probably correlated with the decreased reducing 
power. The breakdown of potato starch by rat liver preparations, however, 
follows a normal course. 

The conversion of glycogen into glucose by liver preparations depends on 
the concentration of amylase and maltose. If both enzymes an* very active, it 
is possible to get 100% conversion into glucose: this is the ease with the pig liver 
preparation. If the concentration of either amylase or maltase is reduced, the 
yield of glucose? will be less: this seems to be the case with the rat preparation. 
If the concentration of maltase is very small, the breakdown will stop at the 
maltose stage and will not proceed as far as glucose. It was shown, as already 
descril>ed, that all the preparations possessed maltase activity. In the case of 
the cat and rabbit preparations this activity must have been much less than that 
of the pig and rat preparations, so that in the amount of preparation which 
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was used in the glycogen hydrolysis, the maltase concentration was negligible. 
Jf the maltase activity of the preparation were due to the blood it contained, 
then one would suppose that after perfusion of the liver to render it blood-free, 
the breakdown of glycogen would not proceed further than the maltose stage. 
This waH found to be true with the dried preparation from the perfused rat liver. 

That the end-product in this case was not glucose was further substantiated 
by the fact that after alcohol precipitation and subsequent evaporation of the 
alcohol, the liquid was not fermented by a yeast known to be incapable of 
fermenting maltose. In the case of the rat, t-lic maltase activity of the scrum 
was found to be so great that the ability of the unperfused liver preparation to 
form glucose might easily be attributed to the maltase activity of the blood. 
It is doubtful, however, whether this is true of the pig liver preparation since in 
this case there was normally 100% conversion into glucose. (That perfused pig 
liver preparations still possess marked maltase activity has been shown by 
Tebb [1894].) The breakdown of glycogen would also stop at the maltose stage 
if the maltase activity of the preparation were inhibited, for example, bv the 
method of preparation. The pig liver preparation, in the presence of glycerol, 
failed to produce any glucose after 17 hours This also supports Carruthers’s 
opinion of Harbour's work. 

From the values of the reducing power before and after acid hydrolysis, the 
relative amounts of glucose and maltose at each stage of digestion can be 
calculated. At the end of 17 hours the sugar formed consisted in the case of the 
pig preparation of 1(>% maltose* and N4 % glucose and in the cases of the rat, 
guinea-pig and ox liver preparations of 93% maltose and 7% glucose, 91% 
maltose and 9% glucose and 79% maltose and 21% glucose*, respectively. 
After 42 hours the values w f ere for the pig preparation 1(M)% glucose*, for the 
rabbit 100% maltose* and for the rat 88% maltose* and 12 % glucose. The 
necessity for estimating the reducing power both before anti after acid hydrolysis 
in order to form an opinion as to the nature of the sugar produced is obvious 
when tin* results obtained with the pig preparation art* considered: after 7} hours 
only lf>% of the sugar was glucose, after 17 hours 84%, whereas at 42 hours 
there was a 100% yield. 

A final 100% yield of glucose does not necessarily mean that no maltose is 
produced intermediately. Hodgson [1930], without having performed any acid 
hydrolyses, claims that glucose is the sole product of hydrolysis of glycogen by 
rabbit liver preparations. It is obvious from the above results that such an 
assumption is unfounded. 

Summary. 

1. The hydrolysis of glycogen, and in a few* cases of potato starch, by acetone- 
extracted and dried liver preparations of the rat, cat, rabbit and pig in the 
presence of phosphate buffer of 6*4, was followed. The course of hydrolysis 
of glycogen was also followed using a perfused rat liver preparation and in 
addition the behaviour of the pig liver preparation in the presence of glycerol 
was studied. 

2 . The maltase activity of each liver preparation was tested, in all cases 
with a positive result. The maltase activity of the serum was also tested. That 
of the rat serum was found to be very great, that of the ox quite large, whereas 
cat and rabbit sera possessed no maltase activity. 

3. In the case of the pig liver preparation only was there quantitative 
conversion into glucose. This formation of glucose is inhibited by the presence 
of glycerol. 
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4. Maltose was the sole end-product with the cat, rabbit and perfused rat 
preparations. 

5. The unperfused rat liver preparation produced maltose alone in the early 
stages of hydrolysis, but this was gradually converted into glucose as digestion 
proceeded. 

0. In the cases of the rat (perfused and unperfused) and cat liver preparations 
the reducing power showed a steady decrease from 17 to 42 hours. This can 
only be explained by a reversal of the enzymic activity. 

8. That the production of glucose by the rat liver preparation could be due 
to the maltase contained in the blood has been proved since no glucose was 
produced by the perfused rat liver preparation. 

My thanks are due to Miss M. M. Murray for her help and encouragement. 
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Acetoaoetjo and /3-hydroxybutyric acids are known to undergo two chief 
metabolic changes, interconversion and oxidative breakdown. The reversibility 
of the reaction, aeetoacetic acid /3-h vdroxvbutyric acid, was demonstrated 
in liver brei by Dakin & Wakeman [1910, 1, 2] and in perfused liver by 
Friedmann & Maase [1910]. Furthermore, the interconversion of these keto- 
and hydroxv-acids, both in liver and in kidney, was clearly illustrated by the 
perfusion experiments of Snapper & Griinbaum [1927, 1, 2, 3]. Using slices, 
Jewett & Quastel |1935| have shown that /3-hydroxy butyric acid is oxidized to 
aeetoacetic acid in tissues other than liver and kidney. 

Apart from the interconversion Snapper & Griinbaum found a true destruc¬ 
tion of ‘‘ketone bodies”, which was large in kidney but very small in liver. 
/3-Hydroxybutyric acid was also destroyed in the extremities of the dog and by 
the tongue muscles of the calf [Snapper & Griinbaum, 1928]. 

Quastel & Wheatley [1935] studied the breakdown of aeetoacetic acid in 
kidney slices. Aeetoacetic acid disappeared under both aerobic and anaerobic 
conditions ; in the former instance only one-quarter to one-third of the change 
was due to reduction to /3-hydroxybutyric acid, whereas in the latter reduction 
was almost quantitative. The distinct nature of the two processes was demon¬ 
strated by the action of inhibitors, e.g, malonate. 

Methods. 

Various tissues of rats, guinea-pigs and pigeons were used in this work. 
Slices of lung, pancreas, submax illary gland and skeletal muscle were cut by 
the method of Deutsch [1936]. Lung slices float on cold Ringer solution but 
sink into the medium as soon as the containing vessel is transferred to a 
thermostat at 37*5°. The quantities of tissue employed in manornetric experi¬ 
ments were: kidney and brain, 8-10 mg. (dry weight), other tissues 10-20 mg. 
(dry weight). Slices of striped muscle were suspended in a “kochsaft” made 
from pigeon’s breast muscle and buffered to pH 7-4 with phosphate according 
to the method of Krebs (unpublished). 

Aerobic experiments. Tissue respiration was measured in Warburg mano- 
metric vessels of the conical type, the medium being 2-3 ml. phosphate saline 
[Krebs, 1933]. The vessels were filled with 0 2 and shaken in a thermostat at 
37-5°. At the end of 2 hours the slices were removed and the change in ketone 
bodies, either formation or disappearance, was determined by methods already 
described [Edson, 1935]. 

Determination of ketone bodies. Aeetoacetic acid was usually determined 
manoinetrically by the aniline citrate method, but if /3-hydroxybutyric acid 
was to be estimated simultaneously it was more convenient to apply the 
modified Van Slyke procedure. The method of Ostern [1933] was employed 
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when mesoxalic acid was present, since the aniline citrate method is inaccurate 
under such conditions. /S-Hydroxybutyric acid was estimated by the modified 
Van Slyke method. 

We have found that certain substances interfere with the Van Slyke deter¬ 
minations. 

1. Pyruvate gives a large quantity of insoluble mercury compound during 
the first boiling (30 min.) with Denig&s’ reagent. In presence of pyruvate it is 
impossible to determine acetoacotic acid as mercury-acetone compound, but 
since the whole of the pyruvate reacts during the first boiling, it is possible to 
remove the precipitate and proceed to a determination of /3-hydroxybutyric 
acid. Control experiments with pyruvate have shown that there is no further 
precipitation on heating for 90 min. after addition of dichromate, and that 
jS-hydroxybutyric acid can be determined satisfactorily in solutions which 
originally contained pyruvate. If simultaneous determinations of both ketone 
bodies in presence of pyruvate are required, acetoacetie acid must be estimated 
manometrically in a separate sample. 

2. Crotonic acid reacts with Deniges’ reagent during both steps of the 
Van Slyke method. If the precipitate is considered to be wholly acetone-Hg 
compound, 1 mol. crotonic acid gives 0*33 mol. acetone. 

3. 2 ml. malonic acid solution, 0 02 Jf, react to a slight extent w r ith Deniges’ 
reagent during the first boiling. A satisfactory blank correction is readily made. 
2 ml. malonic acid solution, 0 01 M, or 2 ml. hydroxymalonic acid solution, 0*01 
and 0*02 M , give no mercury precipitates under the conditions of the deter¬ 
mination. 

Anaerobic experiments. In examining the anaerobic disappearance of ketone 
bodies we used the bicarbonate-Ringer solution of Krebs & Henseleit [1932] in 
equilibrium with 5 % C0 2 and 95 % N 2 . Anaerobic acid production was measured 
during the course of 2-hour experiments at 37-5°. 

Larger scale experiments. In some experiments it was necessary to use 
greater amounts of tissue (60 mg. dry weight) and of Ringer solution (10 ml.). 
The shaking was then j>erformed in the large vessels described by Krebs [1933], 
2 ml. samples were extracted for duplicate determinations of ketone bodies. 

Units. The rate of metabolism is expressed in the usual gas notation by 
the following quotients: 

#q 3 =/xl. 0 2 (N.T.P.) consumed per mg. dry weight of tissue per hour. 

Q Wm . =fil. C0 2 (N.T.P.) /3-ketonic acid formed per mg. dry weight of 
tissue per hour. 1 millimol /3-ketonic acid — 1 millimol C0 2 . 

Qp-uviroxv — ^l. C0 2 (N.T.P.) /S-hydroxybutyric acid formed per mg. dry 
weight of tissue per hour. 1 millimol /3-hydroxybutyric acid = 
1 millimol C0 2 . 


Experimental. 

Anaerobic disappearance of acetoacetie acid in animal tissues. 

Quastel & Wheatley [1935] have shown that kidney slices reduce large 
amounts of acetoacetie acid to j8-hydroxybutyric acid when the conditions are 
virtually anaerobic (respiration poisoned with HCN). 

The experiments of Table I were performed with the object of comparing 
the rates of anaerobic disappearance of acetoacetie acid in different tissues and 
in presence of substrates which might be expected to affect the process. Pre¬ 
liminary work led us to attach particular importance to pyruvate and fructose. 





KETOGENESIS-ANTIKETOGENESIS 

• 

2321 


Table I. 

Anaerobic disappearance of acetoacetic acid in presence 

of 



tissue slices. 



2-3 ml. Bicarbonate-Ringer solution, pH 7*4. 2 hours at 37-5°. Gas: 5% CO, and 95% N,. 

Exp. 

Animal 

Substrate 

Q Sn 

Qj\r,\c 



M initial concentration 





Liver. 



1 

Rat 

Acetoacetic acid, 0-0033 

3-14 

-1-08 



„ + glucose, 0-01 

2-92 

-1-83 



„ .-i glycerol, 0-01 

2-73 

-2*08 



„ + sorbitol, 0-01 

2-86 

-2-00 



„ + lactate, 0-01 

3-57 

-2-38 



,, -f pyruvate, 0-01 

6-40 

— 2-66 



„ +glyoeraldohyde, 0-01 

5-86 

— 



„ -4- alanine, 0-01 

3-39 

-212 

2 

Rat 

Pyruvate, 0-01 

3-16 

000 



„ 0-02 

3-22 

0-00 



Glyceraldohyde, 0-01 

4-68 

0-00 



Acetoacetic acid, 0-0033 

2-31 

-2-31 



,, + pyruvate, 0-01 

5-36 

-3*78 



„ + pyruvate, 0-02 

5-20 

- 3-03 



99 + giyeeraldehyde, 0-01 

5-57 

— 



» + glucose, 0-01 

2-25 

-1*81 

3 

Rat 

Acetoacetic acid, 0-0033 

1-99 

-1*06 



» + glucose, 0-01 

1-57 

- 0-98 



+ galactose, 0-01 

1-42 

-107 



„ -f mannose, 0-01 

1-72 

-1-35 



„ i fructose, 0 01 

5-4(1 

-2-49 



- 1 pyruvate, (>-01 

5-98 

-2-33 



„ -flaetate, 0-01 

2-25 

- 1 -26 



„ -1 pyruvate, 0*01 

7-75 

3-05 



+ glucose, 0*01 



4 

Rat 

Acetoacetic acid, 0-0023 

1-88 

- 1-04 



„ -f pyruvate, 0-01 

5-22 

-2-18 



„ + fructose, 0-01 

3*42 

-2-42 



„ -t fructose, 0 01 

5-85 

-2-56 



M pyruvate, 0-01 



5 

Rat 

Acetoacetic acid, 0-0033 

1-93 

- 1-27 



„ + hexosediphosphate, 0*01 

2-77 

-1*53 



„ + jB-phosphogly cerate, 0-01 

1-62 

-1-14 



„ -4 a-phosphoglycerate, 0 01 

2-15 

-1-41 



„ + a-glycerophosphate, 0-01 

2*24 

-1-99 



„ 4- butyrate, 0-01 

1-61 

- 1-08 



„ + acetate, 0-01 

2-08 

-1-67 



„ + a-valerate, 0-01 

2-10 

- 1-41 

6 

Rat 

Acetoacetic acid, 0-0033 

1-49 

-1-92 



„ 4- niethylglyoxal, 0 005 

4-40 

— 



„ h methvlglyoxal, 0-0025 

3*44 

— 



„ 4- acct aldehyde, 0-01 

4*02 

-2-40 



„ 4 acetaldehyde, 0-005 

2*80 

-2-57 



„ +1 mg. glutathione 

1*20 

-1-93 



„ 4- malonate, 0-01 

101 

-1-76 

7 

Rat, starved Nil 

1-40 

4 0-14 


24 hours 

Fructose, 0-01 

1*80 

4 0-05 



Acetoacetic acid, 0-0023 

1-57 

- 0-71 



„ 4 fruci ose, 0-01 

2-34 

- 1-61 



„ -4 glucose, 0-01 

1*70 

-0-86 



„ 4 pyruvate, 0-01 

3*95 

-2-33 



„ 4 pyruvate, 0-001 

2-09 

- 1-28 



„ -4 glucose, 0-01 

4*38 

- 1-90 



4-pyruvate, 0-01 





„ 4 glucose, 0-01 

4-46 

-1-69 



4 pyruvate, 0-001 
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Table I (coni.). 

Exp. Animal Subst.ruto WMa 

M initial concentration 


Kidney cortex. 


8 

Rat 

Acetoaeetie acid, 0-0033 

1-90 

- 1-50 



., 4 glucose, 0*01 

5*03 

1*78 



4 glycerol. 0-01 

1*07 

1*55 



„ 4- pyruvate, 0-01 

4*25 

1*85 



., f alanine, 0-01 

1*88 

2*02 



„ 4- lactate, 0*01 

2 32 

- 1-55 



,, 4-cysteine, 0-01 

1*75 

1*23 

9 

Rat 

Acetoaeetie acid, 0*0032 

2-00 

1-39 



,, 1-pyruvate, 0-02 

3*92 

1-44 



„ 4- hexosedi phosphate, 0*01 

2*41 

- 1*35 



„ f a-phosphoglvcerate, 0*01 

2*43 

- 1-79 



Pyruvate, 0*02 

3*00 

4 0-01 

10 

Rat 

Acetoaeetie acid, 0-0033 

1-74 

1-03 



„ fa-glycerophosphate, 0-01 

1*80 

- 1-90 

11 

Rat 

Acetoaeetie acid, 0*0033 

1-05 

1-34 



„ 4-fructose, 0-01 

2*07 

1*33 



Fructose, 0-01 

1*8(1 

0-00 

12 

Rat 

Acetoaeetie acid. 0-0033 

1-58 

1 -50 



„ 4 sorbitol, 0-01 

1-37 

1*50 



„ 4-glyceraldehyde, 0*0] 

4*10 

— 



„ + succinate, 0-01 

1-07 

-- 1*55 



„ 4 ghitarato, 0*01 

1 -73 

1-41 



„ 4-malonate, 0-01 

1-01 

1*35 



„ -f propionate, 0-01 

1*70 

1-21 

13 

Guinea-pig 

Acetoaeetie acid, 0-0033 

1-09 

- 1-20 



„ 4 fructose, 0-01 

2-70 

1-80 



„ -c pyruvate, 0-01 

3*24 

1-47 



„ + alanine, 0 01 

1*54 

1-70 



„ 4-1 mg. glutathione 

1*72 

1*52 

14 

Pigeon 

Acetoaeetie arid, 0-0033 

1-41 

1*09 



„ 4-pyruvate, 0*01 

4-00 

- 2*32 

15 

Pigeon 

Acetoaeetie acid, 0-0033 

1*43 

- 1-04 



„ 4- pyruvate, 0*01 

4-02 

2-25 



Testis. 



10 

Rat 

Acetoaeetie acid, 0-0033 

1-70 

- 1*33 



„ 4- pyruvate, 0*01 

3*78 

- 1-18 



„ 4-giyccraldehyde, 0-01 

3*08 




„ 4- glucose, 0-01 

5-00 

- 1-57 



„ 4-alanine, 0-01 

1*45 

1*20 

17 

Rat 

Acetoaeetie acid, 0*0033 

2-tfl 

- 1-24 



„ 4* fructose, 0*01 

3-92 

M2 



>» 4 a-glyeerophosphate, 0*01 

2-44 

-0*83 



Brain cortex. 



18 

Rat 

Acetoaeetie acid, 0-0033 

0*92 

-119 



„ 4 pyruvate, 0*01 

305 

0-94 



„ 4 fructose, 0*01 

0-94 

- 0-06 

19 

Guinea-pig 

Acetoaeetie acid, 0*0033 

1-07 

- 0-71 



4- pyruvate, 0*01 

2-34 

0*87 



„ 4 fructose, 0*01 

2-14 

- 1-01 



„ 4 glucose, 0-01 

21-2 

- 1-15 



Glucose, 0-01 

20-3 

0*00 

20 

Guinea-pig 

Acetoaeetie acid, 0*0033 

1-08 

- 0-86 



4 pyruvate, 0*01 

2*08 

- 0*51 



„ 4 fructose, 0*01 

1*95 

-0*42 
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Table I (cont.). 

Exp. Animal Substrate Q Acui 

M initial concentration 
Brain cortex (coni.). 

(1 hour only) 


21 

Guinea-pig 

Acetoacetic acid, 0*0023 

2-33 

-2*07 


„ f glucose, 0*01 

22*1 

2*28 



„ r giyoeraldehyde, 0-01 

206 




„ 4- a-glycerophosphate, 0*01 

1*80 

4*75 

22 

Pigeon 

Acetoacetic acid, 0-0033 

1-73 

1*97 


„ -r pyruvate, 0*01 

2*66 

1*73 



„ i fructose, 0*01 

1-51 

- 1*63 



Spleen. 



23 

Rat 

Acetoacetic acid, 0*0033 

1*52 

- 1*04 



„ + pyruvate, 0*01 

2*23 

-104 



Intestine. 



24 

Rat 

Acetoacetic acid, 0*0033 

4*60 

- 1*04 



„ 4 pyruvate, 0-01 

5*50 

0*84 



„ + fructose, 0*01 

4*08 

-0*85 



Pancreas. 



25 

Eat 

Acetoacetic acid, 0*0023 

1*90 

- 0*52 



„ + pyruvate, 0*01 

2*81 

- 0*35 



„ +fructose, 0*01 

2*47 

-0*34 

26 

Pigeon 

Acetoacetic acid, 0*0023 

1*88 

1*05 


„ < pyruvate, 0*01 

2*64 

-1*25 



Submaxillary gland. 



27 

Guinea-pig 

Acetoacetic acid, 0*0033 

0*85 

-0*27 


„ + pyruvate, 0*01 

1-58 

0*43 



Diaphragm. 



28 

Rat 

Acetoacetic acid, 0*0033 

1*08 

0*48 



„ + hexosediphosphate, 0*01 

1*55 

- 0*45 



„ + pyruvate, 0*01 

1*74 

- 0*63 


Sodium acetoacetate solutions were prepared according to Ljunggren [1924]. 
In all experiments the initial concentration of acetoacetate was determined by 
setting up a control vessel without tissue; this was treated in exactly the same 
way as the vessels to which tissue slices w r ere added. 

The experiments show that added acetoacetic acid disappears anaerobically 
in all the tissues which have been examined. The rates of disappearance are 
slightly higher in kidney, liver and pigeon brain than in other tissues, but in 
testis, rat and guinea-pig brains, spleen, intestine and pigeon pancreas there is a 
fairly uniform rate, the values of (J Aciu . being about — 1. In rat pancreas, sub¬ 
maxillary gland and diaphragm the rates are distinctly slower. There is acid 
production in every case. 

When substrates are added in addition to acetoacetic acid the following 
changes occur : 

1. In presence of pyruvate there is a marked increase of CO a production in 
all tissues, but acceleration of acetoacetic acid disappearance is constantly 
observed only in rat liver and in pigeon brain and kidney. In the other tissues 
examined there is no significant effect on acetoacetic acid reduction. 

2. In liver there is a large acid formation in presence of fructose [Oppen- 
heimer, 1912; Dickens & Greville, 1932; Rosenthal, 1930; 1931], and we have 
found that this is accompanied by a more rapid disappearance of acetoacetic 
acid. In kidney, where fructolysis is low, the rate of acetoacetic acid dis- 
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appearance is not altered significantly; likewise there is no effect in testis, brain 
or other tissues. 

3. When dZ-glyceraldehyde is added to slices of liver, kidney and testis 
there is acid formation [see Rosenthal, 1930; 1931] and acceleration of ace to - 
acetic acid disappearance equal to that observed with pyruvate. In kidney 
there is a similar acid formation in presence of methylglyoxal and acetaldehyde, 
but a smaller effect on disappearance of ketonic acid. 

Since glyceraldehyde and methylglyoxal react with acetoacetic acid in vitro 
in absence of tissue, and since the presence of tissue slices causes little or no 
acceleration of this effect, it is difficult to assess the action of these substances 
in surviving tissue. We have therefore omitted the — Q x „ u . values from Table I. 

4. Glucose, galactose, mannose, hexosediphosphate, phosphoglycerate, 
a-glycerophosphate, glycerol, sorbitol, lactate, acetate, propionate, butyrate, 
cysteine, succinate and glutathione in the concentrations employed have no 
significant influence on anaerobic disappearance of acetoacetic acid in the 
tissues to which they have been added. Alanine, however, was effective in both 
liver and kidney, whilst a-glycerophosphate increased the rate of disappearance 
in guinea-pig brain during a short experiment. 

Anaerobic disappearance of acetoacetic acid is somewhat slower in the* 
liver of a starved rat but is increased by pyruvate and fructose just as in the 
well-nourished organ (Exp. 7). 

Table II. 

(a) Anaerobic acid formation and acetoacetic acid disappearance in rat liver slice#. 


Substrate 



During the first hour: 

Acetoacetic acid, 0 0033 if 

2*97 

- 2*10 

„ i pyruvate, 0-01 if 

13 3 

4*05 

„ •+ fructose, 0-01 if 

li-4 

-fill 

During the second hour: 

Acetoacetic acid, 0 0033 M 

2-42 

1-33 

„ + pyruvate, 0*01 M 

<>•59 

2*fi5 

„ + fructose, 0 01 if 

3-54 

-2*91 


(b) Effects of fluoride and iodoacetate on the anaerobic disappearance of 
acetoacetic acid in liver slices (rat). 

2 hours at 37-5°. 

Fluoride. Concentration of NaF =001 if. Ca-free medium. 

Acetoacetic acid, 0*003 M 

•„ + fluoride 

„ -r pyruvate, 0*01 M 

„ + pyruvate, 0*01 M + fluoride 

„ + fructose, 0*01 if 

„ + fructose, 0*01 M + fluoride 

Concentration of sodium fluoride=0*02 M Ca-free medium. 

Acetoacetic acid, 0*003 M 

„ + fluoride 

„ + pyruvate, 0*01 

„ + pyruvate, 0*01 + fluoride 

„ + fructose, 0*01 

„ + fructose, 0*01 + fluoride 


Iodoacetate. Concentration of sodium iodoacetate=0*00067 M. 

Acetoacetic acid, 0*003 M 2*05 - 0*75 

,. *f iodoacetate 1-93 -0*82 

„ -f pyruvate, 0*01 M 7*02 -2*36 

» + pyruvate, 0*01 if + iodoacetate 4*09 -1*57 

„ + fructose, 0*01 M 5*10 -2*27 

»» + fructose, 0*01 M +iodoacetate 2-48 -1*51 


1*93 

-1*18 

1*00 

~ 1-21 

9*82 

-3*16 

4*98 

-2*55 

3*95 

-2*86 

1*39 

-1*29 


1*70 

- 1*25 

0*98 

- 1-17 

6*62 

-3*88 

5*70 

-3*70 

2*5fi 

-2*06 

1*37 

-1*58 
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The relationship between anaerobic glycolysis and disappearance of 
acetoacetic acid . 

In view of the well-known effects of pyruvate and fructose on anaerobic 
acid production in liver we performed a number of experiments bearing on the 
relationship between glycolysis and the reduction of acetoacetic acid (Table II). 

Table II (a) shows that the rate of acetoacetic acid disappearance diminishes 
with time in proportion to the fall in fruotolysis or in C0 2 production caused by 
pyruvate. The inhibitors of glycolysis, fluoride and iodoacetate, also inhibit 
acetoacetic acid disappearance; although fluoride reduces 00 2 formation in 
presence of pyruvate, it has only a small inhibitory action upon the rate of 
acetoacetic acid disappearance (Table II (b)). Exp. 7 (Table I) illustrates the 
fact that acetoacetic acid disappearance is slower in the liver of the starved rat 
than in the well-nourished organ. This experiment also shows that fruotolysis 
and 00 2 formation in presence of pyruvate are less [Rosenthal, 1930; 1931]; 
in spite of this the substrates still increase acetoacetic acid disappearance. 
Further, when glucolysis is “activated” by means of 0*001 M pyruvate, 
acetoacetic acid disappearance is not increased in proportion. 

These experiments lead to no final conclusions, but they suggest that there 
is some parallelism between liver glycolysis and acetoacetic acid reduction; the 
parallelism, however, is not complete in the case of pyruvate. 

Aerobic disappearance of acetoacetic acid in animal tissues . 

The results of investigation of aerobic disappearance of acetoacetic acid in 
different tissues and in presence of certain substrates are given in Table 111. 


Table III. Aerobic disappearance, of acetoacetic acid in presence of tissue slices. 
2-3 ml. phosphate saline, pH 7*4. 2 hours at 37*5°. Gas: oxygen. 


Animal 

Substrate 

Qo 2 

^Ar,u 


M initial concentration 




Kidney, cortex. 



Rat 

Acetoacetic acid, 0*0033 

-29*5 

-5*02 


„ 4 - glucose, 0-01 

30*2 

- 5*55 


„ + pyruvate. 0*01 

- 33*5 

-6*37 

Rat 

Acetoacetic acid, 0*0033 

-27*0 

- 3*88 


„ + glycerol, 0*01 

-27*4 

- 3*98 

Hat 

Acotoaeotie acid, 0*0033 

-22*6 

4*33 


„ •+ a-glycerophosphate, 0*01 

-24*0 

-4*91 

Rat 

Acetoacetic acid, 0*0033 

-23*6 

4*37 


„ + hexosediphosphate, 0*01 

-29*9 

-5*45 


Testis. 



Rat 

Nil 

- 6*8 

-0*51 


Glucose, 0*01 

-11*0 

* 0*50 


Acetoacetic acid, 0*0033 

- <>*4 

- 0*28 


„ 4 -glucose, 0*01 

- 11-3 

- 0*75 


„ + pyruvate, 0*01 

„ + fructose, 0*01 

- 13*3 
100 

-0*34 

-0*18 


„ + glycerol, 0*01 

- 0*7 

0*10 

Rat 

Nil 

- 5*2 

4- 0*43 


Acetoacetic acid, 0*0033 

- <M 

- 0*22 


„ + a-glycerophosphate, 0*01 

- 0*0 

-0*17 

Rat 

Acetoacetic acid, 0*0033 

7*3 

-0*18 


„ + hexosediphosphate, 0*01 

6*7 

0*00 


„ + a-phosphoglycerate, 0*01 

- 6*5 

-0*11 


„ 4* /J-phospkoglycerate, 0*01 

- 0*1 

-0*05 


„ 4 - alanine, 0 01 

- 5*4 

-0*13 
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Table III (coni.). 


Animal 

Substrate 

M inital concentration 

Brain cortex. 

Qo % 

^ Ai'iic 

Guinea-pig 

Glucose, 0*01 

-11-7 

0*00 

Fructose, 0 01 

-12-0 

0*00 


Pyruvate, 0*01 

14-0 

0*00 


Lactate, 0 01 

- 12-5 

0*00 


Acetoacetic acid, 0*0023 

- 9*1 

-Ml 


„ + glucose, 0-01 

- 12-1 

1-39 


„ \ fructose, 0 01 

- 11*0 

-HU 


„ + pyruvate, 0-01 

13*9 

-1-22 


„ 4-lactatc, 0-01 

- 13*0 

- 1*05 

Guinea-pig 

Acetoacetic acid, 0*0023 

8-0 

0*06 

„ +a-gIycerophospkate, 0*01 

- 9-7 

-0*99 

Pigeon 

Nil 

- 8*9 

-,0*17 

Pyruvate, 0*01 

18*1 

-t 0-27 


Acetoacetic acid, 0*0033 

- 10-1 

-4*48 


„ -f pyruvate, 0*01 

- 18-0 

-3*34 


„ + glucose, 0*01 

- 141 

4*72 


Glucose, 0*01 

Spleen. 

- 140 

^ 0-20 

Guinea-pig 

Acetoacetic acid, 0-003 

- 0-8 

- Ml 

„ + pyruvate, 0*01 

Lung. 

- 0-9 

-0*90 

Guinea-pig 

Nil 

- 7-4 

1 0*12 

Acetoacetic acid, 0*003 

- 8-9 

-M2 


„ + pyruvate, 0*01 

- 9-0 

-0*77 


lVruvate, 0-01 

Pancreas. 

8*0 

1 0*13 

Pigeon 

Nil 

- 8-7 

+ 0*18 

Acetoacetic acid, 0-003 

Submaxillary gland. 

- 8*5 

1*97 

Guinea-pig 

Nil 

- 5*0 

»■ 0*12 

Acetoacetic acid, 0-003 

Diaphragm. 

7*2 

1*40 

Rat 

Acetoacetic acid, 0-0033 

- 4*8 

- 1*35 


„ -f pyruvate, 0-01 

Skeletal muscle. 

- 5*2 

1*20 

Pigeon 

Acetoacetic; acid, 0-003 

- 8*5 

-0*00 

„ + pyruvate, 0*01 

11-8 

0*91 


„ -+-fructose, 0-01 

3 ml. bicarbonate-Ringer solution. Gas: 5% C0 2 and 95 
Liver. 

13*2 

«/ O- 
/(> V / 2* 

-0*83 

Rat 

Nil 

— 

+ 0*23 


Pyruvate, 0-01 

— 

+ 1*08 


Acetoacetic acid, 0-0023 

— 

-0*80 


„ + pyruvate, 0*01 

— 

-0*59 


„ + glucose, 0*01 

— 

- 1*00 


Glucose, 0*01 

Kidney cortex. 


4 0*20 

Rat 

Acetoacetic acid, 0*0033 

— 

- 3*57 


„ + pyruvate, 0*01 

— 

-4*08 


„ -f a-phosphoglycerate, 0*01 


-402 


The experiments show that the rate of disappearance of added acetoacetic 
acid is much greater in kidney than in any other tissue except pigeon brain. 
In testis the disappearance is very small, the figures being within the experi¬ 
mental error, but becomes significant in presence of glucose. In slices of liver 
and skeletal muscle the rate is slow and unaffected by substrates. In pancreas, 
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diaphragm and submaxillary gJand the aerobic disappearance is significantly 
greater than the anaerobic (see Table I); in spleen it is not. Jn lung acetoacetic 
acid disappears aerobically at about the same rate as in spleen. 

In all tissues except kidney the addition of substrates produced no accelera¬ 
tion. Jn kidney pyruvate, a-glycerophosphate, hexosediphosphate, a-phospho- 
glycerate and glucose caused small but significant increases in rate of acetoacetic 
acid disappearan ce. 

The oxidation of fi-hydroxy butyric acid in various tissues. 

Jowett & Quastel 11935] have shown that d/-j5-hydroxy butyric acid is 
oxidized to acetoacetic acid by guinea-pig kidney and liver, and by spleen, 


Table IV. Oxidation of fi-hydroxybutyric acid in various tissues. 



Phosphate saline, p\\ 7*4. In oxygen at 37-5 J . 



Animal 

Tissue 

Substrate ( M) 

Qoo 


(rUUlCtt-plg 

Brain 

Nil 

- (Ml 

0-49 


d/-0-Hvdroxy butyrate, 0*01 

- 90 

1-59 



Nil 

- 5-9 

()-4(» 



l-p- Hydroxy butyrate, 001 

- 0-9 

1-92 


Liver 

Nil 

- 7-8 

0-39 



(11-1 3-llydro&ybutvrate, 001 

- 8-5 

1-28 



Nil 

- s-3 

(Mil 



l-p- Hvdroxybutvrate, (Mil 

- 8-8 

1-28 


Kidney 

Nil 

140 

009 


dl-p- Hydro\\ butyrate, 0*01 

200 

3-25 



Nil 

13-2 

0-00 



l-p -\\y droxy but v rate, 0*01 

- 17 S 

2-12 


Spleen 

Nil 

- 7-9 

0-30 


dl-fi-R ydroxybutyrate, (Ml 1 

- 9-5 

0-S4 



Nil 

- 8*7 

017 



/ - p- Hydroxy buty rat e, 0*01 

- 9-8 

0-73 


Pancreas 

Nil 

- 2-9(1 

0-00 



dl-p- Hydroxy butyrate, (Mil 

- 2-94 

0-28 


Submaxillary 

Nil 

- 50 

(M2 


gland 

dl- j8-Hydroxy butyrate, (Mil 

- 8-5 

005 


Skeletal inusele 

Nil 

- 212 

(M9 



dl-p -11 ydroxy buty rate, (HI 1 

- 2-36 

0-18 


Blood 2*0 ml. 

Nil 

— 

(1-00 


(eitrated) 

d/-/Mlydroxybutyrate, 0-01 

— 

0-00 

Bat 

Kidney 

Nil 

- 17-7 

Old 


l-p-R yd roxy 1 mtyrat e, (>005 

- 22-3 

M3 


Lung 

Nil 

- 7-9 

0-28 


Hydroxy buty rate, 0-01 

- 8-3 

0-34 


Int est.me 

Nil 

- 71 

0-20 



/-/Mlydroxybutyrate, 0 01 

- 0*3 

(1 53 


Panereas 

Nil 

3*7 

002 



dl-p -Hydroxy but \ rate, 0-01 

- 4-J 

(Ml 


Diaphragm 

Nil 

- 5-5 

0 10 



dl-p- Hydroxybutyrate, 0*01 

- 5-3 

0-30 



Nil 

5-3 

0-25 



l-p -H yd roxy 1 >u t yrat e, 0*01 

- 4-7 

0(H) 

Pigeon 

Pancreas 

Nil 

- 8-7 

(MS 



dZ-/3-Hvdroxybutyrate, OOl 

- 9 0 

0-53 


Skeletal muscle 

Nil 

8*5 

010 

■KT_ 1 A TT 


dl-p- Hydroxy butyrate, 0*01 

-11 7 

0-15 


Noth. Z-0- Hydroxy butyrate was prepared from the Ca Zn salt by decomposition with sodium 
carbonate. 

Biochem. 1936 xxx 


150 
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testis and brain cortex of the rat. We have confirmed these observations and 
found that the oxidation takes place at approximately the same rate in presence 
of the same concentration of Z-jS-hydroxybutyric acid (Table IV). 

The oxidation also occurs in other tissues: in pancreas and submaxillary 
gland of the guinea-pig, in intestine and diaphragm of the rat and in pigeon 
pancreas. Though the values of Q Xtai . are small, the differences are significant. 
Guinea-pig blood and rat lung slices do not appear to oxidize j8-hydroxybutyrie 
acid. 

As a result of the experiments of this and preceding sections it becomes clear 
that the reaction, aeetoacetic acid /3-hydroxy butyric acid, is reversible, and 

can occur in tissues other than liver and kidney, although the respective rates 
of oxidation and reduction vary widely in different tissues. 

4 

The aerobic destruction of -hydroxybutyric acid. 

By determining aeetoacetic and ^-hydroxybutyric acids simultaneously we 
have measured the real destruction of jS-hydroxybutyric acid as distinct from 
the conversion into ketonic acid. This has been done chiefly in kidney in 
presence and in absence of added substrates, but a few experiments were 
made with other tissues (Table V). 



Table V. Aerobic breakdown of j3 - hyd ro.ry butyric acid. 



Phosphate saline and oxygen. 2 

17*5°. 




Substrate 





Initial cone. 0*005 M, jS-liydroxybutyrate 

^o 2 



Hat kidney 

Nil 

-17*8 

o-o 

0 0 

di-fi- H yd roxy butyric a< id 

- 23*9 

4 2-80 

5*90 


(11-p- 1 lyd roxy butyric acid 

3i*o 

-t 1*32 

5*34 


,, 4 succinate, 0*01 M 

-45*7 

i 1-27 

5*73 


„ i glucose, 0 01 M 

- .wo 

-1 1-30 

5*30 


ill-ft- Hydroxybutyne acid 

- 23-0 

4 0*45 

- 3*17 


„ 4 fructose, 0*01 M 

- :i 2 -o 

1 0*20 

-5*20 


(H-P -Hydroxybutyrie acid \ pyruvate, 0*01 M 

- 32*02 

— 

5*22 


dl‘P- Hydroxy butyric acid 

- 28*3 

4 0*90 

4.44 


„ 1 glycerol, 0*01 M 

- 32*0 

4 0-71 

4*93 


,, + lactate, 0*01 M 

- 29*0 

f 0*70 

3*04 


f//-jfMlydroxybutyric acid 

- 25*7 

\ 0*95 

-5*51 


,, 4 hexosediphosphate 

- 29*0 

4-0*90 

- 5*04 


0*01 M 





10 ml. phosphate saline and () 2 . Large shaking vessels. 



Hat testis 

di-/3-Hydroxybutyric acid 

~ 

4- 0*55 

- 1*00 


»» 

— 

4 0*45 

- 1*08 


e/Z-jS-Hydroxybutyric acid 4 succinate, 0*01 M 

— 

4-0*07 

- 1*95 


„ 4- glucose, 0*01 M 

— 

4 0*31 

-1*08 

Hat lung 

dl-P- Hydroxybutyrie acid 

— 

4 0*05 

-1*10 


»» 

— 

4-0*05 

- 1*15 


These figures confirm the findings of Quastel & Wheatley [1935], who 
observed that only about one-quarter of the /?-hydroxybutyric acid dis¬ 
appearing in kidney is converted into aeetoacetic acid. They show further that 
addition of substrates such as glucose, succinate and pyruvate does not increase 
the rate of breakdown. In absence of other added substrates /?-hydroxybutyric 
acid is broken down at an appreciable rate in rat testis and lung; in the former 
tissue glucose does not accelerate the process. 
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The. influence of inhibitors on ketone body disappearance 

Quastcl & Wheatley [1935] have shown that sodium malonate greatly 
inhibits the disappearance of acetoacetie acid in kidney slices, an (effect which 
occurs only aerobically. This we have confirmed and also the action of fumarate 
and lactate in preventing inhibition. The ketogenic effect of malonate has been 
referred to in Part III of this series (see also Jowett & Quastel [1935]), where it 
was shown that other dicarboxylie acids—hydroxymalonie, m(‘soxalie, tartaric 


Tabic VI. Influence of anti catalysts on the disappearance of ketone bodies 
in rat kidney and liver. 


2 hours at 37-.V. 



Substrate 

Vo 2 


Kidney. 



Aerobic. Bicarbonate* 1 tinker solution: 5" 0 CO,, and 95 



Acetoacetie acid, 0*003 M 

.. 

- 3*28 

„ i malonate, 0 02 M 

- 

-0 27 

-4 hvdroxvmalonate 0 02 M 

— 

-210 

. XII ,01,'0*02 .1/ 

— 

3 12 

-1- pyruvate, 0*01 M 

- 

-3*70 

,, i pyruvate. 0*01 M 4 malonate, 0*02.1/ 

- 

- M3 

Acetoacetie acid, 0*003 M 

- 

3*50 

„ i oxalate, 0*003 M 

— 

3 23 

Aerobic. Phosphate saline and oxygen. 



Acetoacetie acid, 04)03 

30*0 

3 8 S 

„ f XHjCl, 0*01 M 

20 S 

3 80 

Nil 

- 22*2 

* 0-40 

Magnate, 0 01 .1/ 

U 7 

*- 1 00 

Hydroxy malonate, 0*01 .1/ 

-20*0 

, 017 

Butyrate, 0-01 .1/ 

29*8 

* 0*70 

„ malonate, 0*01 M 

- 10*4 

1 24 

„ -- hvdroxvmalonate. 0*01 .1/ 

23*3 

- 0 52 

Nil 

- 20-1 

- 017 

Oxalate, 0*0011 M 

- IS 3 

• 0*0b 

Butyrate. 0*01 1/ * oxalate, 0 00;{ .1/ 

20 S 

- 0 33 

Nil 

*>•> o 

4 0*32 

Aeetoaeetic acid, 0*00211.1/ 

- 2.VN 

34*5 

NH 4 01,OOI m 

20*3 

0 00 

NH 4 ('l, 0*02 M 

- lb 1 

0 00 

Aeetoaeet ie aeid, 0*0023 M +■ Nil,Cl. 0*01 M 

27*4 

3*53 

4 NH 4 C1, 0-02 M 

* 23*5 

- 3*2b 

Malonate, 0*02 .1/ 

- 0*0 

t 0*57 

Hydroxymalonate, 0*02 M 

10*4 

04)0 

Aeetoaeet ic acid, 0*0023 M 4 malonate, 0*02 .1/ 

- 8*b 

0 31 

„ + hydroxymalonate, 0*02 .1/ 

21 0 

- 2*88 

Nil 

20*4 

4 0*25 

{/-Tartrate, 0*01 .1/ 

- 10*b 

-rtMO 

Acetoacetie acid, 0*0023 M 

25*3 

- 3*33 

+ {/-tartrate, 0*01 M 

- 24 *4 

- 3*30 

„ 4 {/-tartrate, 0*02 .1/ 

- 23*0 

34)2 

Nil 

224) 

4 0*23 

Oxalate, 0*005 M 

-10*8 

04)0 

Acetoacetie aeid, 0*0023 M 

- 30 b 

4-41 

„ 4* oxalate, 0*005 M 

-20*1 

- 44)3 

„ 4 oxalate, 0*01 M 

20 2 

3*00 

Nil 

22*2 

» 0*31 

Mesoxalate, 0*01 M 

- 224) 

+ 0-11 

Mesoxalate, 0*02 M 

10*2 

\ 04)9 

Acetoacetie acid 0*0023 M 

- 24*3 

-34)2 

„ *f mosoxalatc, 0*01 M 

- 22*8 

3*15 

-f mesoxalate, 0*02 M 

18*3 

- 2*31 



2330 


N. L. EDSON AND L. P. LELOIR 

Tal)le VI (cont.). 


2 hours at 37-5°. 

Substrate Qco s Vvnr 

Liver. 

Anaerobic. Bicarbonate-Ringer solution; 5°,, C0 2 and 1)5% N 2 . 

Aeetoaectic acid, 0*0023 M 2*23 -1*30 

„ + malonatc, 0*01 M 318 1*41 

„ \ bvdrownmlonatc, 0*01 M 3*47 -107 

f NH 4 n, 0 02 M 101 1-27 

Acotoacetic acid, 0*0023 M 1*20 - 0*95 

„ f oxalate, 0*003 M 0*99 -1*05 

Nil 2*74 0*03 

NH 4 C1,0*02 2*94 H0*02 

Acetoacetie acid, 0*0023 .1/ 2*04 - 1*11 

f NHjCl, 0*02 M 1*87 1*04 

„ -J-]ivruvale, 0*01 M 5*50 -2*03 

„ + pyruv ate, 0*01 M I N H ,CI, 0*02 M 5*79 2*32 


Note. Kxpcriments with oxalate were performed in Ca-free media. 

and oxalic*—are ketogenic in liver. Since these substances take no direct part 
in fatty acid metabolism, and since they appear to inhibit some dehydrogenase 
systems more or less specifically, they may be regarded as anticatalysts. 
Ammonium chloride possibly belongs to the same class. We have examined the 
influence of these substances on ketone body disappearance in kidney, the 
results being given in Table VI. 

It will be seen that malonate is a powerful and relatively specific inhibitor 
of respiration and of aerobic disappearance of acotoacetic acid in kidney. 
Hydroxy malonate, mesoxalate, tartrate, oxalate and ammonia cause relatively 
little depression of respiration and only a small inhibition of acetoacotio acid 
disappearance when they are added in appropriate concentrations. Pyruvate 
prevents the malonate action to some degree. 

In liver under anaerobic conditions these substances do not significantly 
affect the rate of acetoaeetic acid disappearance. 

The influence of malonate and hydroxymalonate on the oxidation of 
jS-hydroxbutvrio acid was investigated (Table VIT). 


Table VII. Influence of malonate arid hydroxymalonate on oxidation of 
ft - hydroxykutyric axid . 

Rat kidney cortex. Phosphate saline and oxygen. 


Substrate 

Qo 2 


Qfi Hvtlroxy 

dZ*j3-Hydroxy butyric acid, 0*005 M 

- 25*0 

+ 0*95 

- 0*80 

„ 4* malonatc, 0*01 M 

-18-1 

+ 0*07 

- 4*50 

dl-p- Hydroxy butyric acid, 0*0075 M 

-41*7 

+ 3*17 

— 

„ 4 malonate, 0*01 M 

-14*2 

4 3*18 

— 

„ -f malonate, 0*02 M 

-110 

+ 3-00 

— 

dl- 0-Hydroxy butyric acid, 0*005 M 

-34*3 

4 2*21 

— 

„ 4- hydroxymalonate, 

-27*8 

4*2*05 

— 


0*02 M 

These figures show that malonate and hydroxymalonate do not inhibit the 
oxidation of j8-hydroxybutyric acid to acotoacetic acid ; and that malonate 
prevents the aerobic breakdown of /J-hydroxybutyrio acid. 
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Discussion. 

A considerable portion of the' aeetoacotic acid or /3-hydroxybutyric acid 
added to kidney slices is broken down to products no longer recognizable as 
ketone bodies. At least part of this disappearance is due to complete combustion, 
since* Elliott at al. [1935J have found that bicarbonate is formed during oxidation 
of /3-hydroxy butyric acid, but there may be intermediate stages. 

The apparently specific action of rnalonate in preventing aerobic breakdown 
of ketone bodies acquires further significance from tin* fact that rnalonate is 
known to be a specific inhibitor of succinic dehydrogenase. As a tentative 
working hypothesis we suggest that the aerobic metabolism of ketone bodies 
may depend upon the oxidation of succinic acid. 

Krebs [193b] has described the reduction of aeetoacetic acid as a linked 
reaction which involves the anaerobic oxidation of carbohydrate derivatives. 
This provides one point of contact between fat and carbohydrate metabolism. 

Another is possible. If acetic ac id were formed by cleavage of ketone bodies, 
it might react with pyruvic acid according to Krebs's scheme: 

Acetic acid 

-r -r a-Ketotflutane acid — Succinic acid, etc. 

}»yrn\ io acid 

The continuation of ketone body breakdown would then depend upon the 
oxidation of succinic acid and the consequent supply of pyruvic acid. 

The' action of rnalonate could lx* explained as an interruption of the chain 
of reactions leading to pyruvic acid. 

Succinic acid ** Kuniaric acid Malic acid » Oxaloacetic acid -• Pyruvic acid. 

* Malonatc inhibit ion. 

The partial neutralization of the rnalonate effect hv fumarate, lactate, alanine 
IQuastel & Wheatlev, 1935] and pyruvate agrees with this hypothesis. 

Preliminary measurements of acid-bast* changes have show r n that, within 
the* limits of error, (i) t he rate of bicarbonate formation in kidney in presence of 
ketone bodies is equal to or greater than the raft* of ketone body destruction, 
(ii) acetate is burnt approximately twice as rapidly as the ketone bodies. These 
observations are consistent with the view that ketone bodies are split into 
acetic acid before combustion, but they afford no proof. 

Summary. 

1. The metabolism of ketone bodies, both aerobic and anaerobic, has been 
investigated in a number of tissues by means of the slice technique. The rate 
of metabolism varies in different tissues. 

2. Pyruvate and fructose accelerate the anaerobic disappearance of aeeto¬ 
acetic acid in liver but have no marked influence in other tissues except 
pigeon’s kidney. 

3. Since /9-hydroxybutyric acid is oxidized to aeetoacetic acid by most 
tissues, the reaction, aeetoacetic acid /8-hydroxybutyric acid , appears to 
bo of general importance. 

4. The effects of rnalonate, hydroxyinalonate, mesoxalate, tartrate and 
oxalate on ketone body oxidation have been studied. 

We wish to thank Sir F. 0. Hopkins for his kind interest in our work. We 
are also greatly indebted to Dr H. A. Krebs for valuable suggestions and 
advice. 
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Carbohydrates of cell wall of plants, analysis of 
(Angell, Norris and Resell) 2146 
Carbon, determination of, by action of chromic 
acid under reduced pressure (Acharva) 241 
Carbon dioxide, utilisation of. in dissimilation 
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hydroxycthylammonium hydroxide 115 
Channon, H. J. and Wilkinson, H. The effect 
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nation of carbon and nitrogen by action of 
(A chary a) 241 

Chromic oxidation of nitrogenous substances, 
structure in relation to (Acharya) 1026 
Chromogenie function o f pyocya nrus-jlu ore sc e us 
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of (Devine) 1768 

Cortico-adrenal insufficiency and potassium 
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Cow, lactating, effect of oestrogenic hormones 
on phosphatase of blood and milk of (Colley) 
2262 

Cow milk fat, effect of ingested fatty oils upon 
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Cystine and dietary production of fatty livers 
(Beeston and Charmon) 280 
Cystine, precipitation ol, by phosphotungstic 
acid (Damodaran and Sivaswamy) 750 
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Devine, J. So-called virtual adrenaline of the 
suprarenal cortex 1768 
Diazo-test, keto-enolio (Hunter) 745 
1:2:5:6-Dibenzanthracene, destruction of, in the 
mouse (Berenblum and Kendal) 429 
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(Hutchinson and Morris) 1682, 1695 
Diets, cereal, role of inorganic phosphorus in 
calcification on (Lowe and Steenbock) 
1126 

Diets, incomplete, effect of, on concentration of 
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filtration of proteins through graded collo¬ 
dion membra nos. IT. Haeniocyanin (Helix), 
edi still, and egg albumin 84 
Eli oKi), W. J., (in a bah, P. and Fischer, W. 
L’ltrufiltration studies with normal horse 
serum 92 

Ellin G. W. Autoxidation of the fatty acids. 
11. (>\ido-elaidie acid and some cleavage 
pindiiet' 753 

Emkh.jeu, (’. A. see Kline. (). L., Potter, 
\ in II. find Shkhmvv, W. (’. 

Km bn o, (bit k, cathepsin m (Mvstkowski) 765 
Emm eh ip, A. we van Eekelkn, M. 

Emulsin. action of (Veibel and Krikaen) 163 
Endogenous nitrogen excretion on a low nitro¬ 
gen diet and m starvation, in the ruminant 
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(I)avson and Danielli) 316 
Ester, choline, formation in tissues in vitro 
(Quastc], Termenbaum and Wheatley) 
1668 

Esterase, action of, in presence of organic 
solvents (Nvm) 609 
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